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(54) HEAD AND DEVICE FOR INK JET RECORDING 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet recording head capable of performing high quality and high speed 
recording by increasing the arranged density of nozzles in a matrix arranged head in which ejectors are arranged in a 
two dimensional manner. 

SOLUTION: In the ink jet recording head in which nozzles 2 are arranged in two dimensional manner, a pressure 
generating chamber 1 and a common channel 4 are arranged so as to be overlapped with each other, and the 
common channel 4 is made to be of a constricted shape having a wider portion and a narrow portion. A sufficient 
acoustic capacitance is secured in the common channel 4 by making the common channel 4 a constricted shape to 
locally enlarge the width. Thus, even if a nozzle pitch Pc is set narrow, stable recording becomes possible, so that 
the ink jet recording head having a high nozzle density can be achieved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more ejectors by which each was arranged two-dimensional including the nozzle which is open for 
free passage in a pressure generating room and this pressure generating room, and the pressure generating means, 
It has an ink supply system including the common passage which connects two or more said ejectors. Said pressure 
generating room is filled up with ink through said common passage, and the ink of said pressure generating interior 
of a room is made to produce pressure variation with said pressure generating means. The ink jet recording head 
which is an ink jet recording head which makes an ink droplet breathe out from said nozzle, and is characterized by 
being the vena-contracta configuration which is arranged and has a part with wide width of face, and a part with 
narrow width of face so that said common passage may overlap said pressure generating room superficially. 
[Claim 2] The ink jet recording head according to claim 1 characterized by being set up so that width of face may be 
small between said nozzles which the configuration of said common passage adjoins across said common passage 
and width of face may become large in the other part. 

[Claim 3] An ink jet recording head given in claim 1 or any of 2 they are. [ which is characterized by the member 
which forms said nozzle serving as the air damper of said common passage ] 

[Claim 4] An ink jet recording head given in claim 1 characterized by the member which forms said nozzle consisting 
of resin films thru/or any 1 term of 3. 

[Claim 5] An ink jet recording head given in claim 1 characterized by being set up so that the acoustic capacitance cp 
of said common passage may satisfy the following conditional-expression cp>20cc if cc is made into the acoustic 
capacitance of said pressure generating room thru/or any 1 term of 4. 

[Claim 6] An ink jet recording head given in claim 1 characterized by being set up so that the acoustic capacitance cp 
of said common passage may satisfy the next conditional-expression cp>10cn if cn is made into the acoustic 



capacitance of said nozzle thai/or any 1 term of 5. 

[Claim 7] An ink jet recording head given in claim 1 characterized by setting up passage resistance of said ink supply 
system so that it may not become larger than the regurgitation period to mean by the pressure drawdown in said 
common passage which the refill time amount at the time of carrying out the continuation regurgitation of the ink 
droplet produces from said nozzle by the semi- steady ink flow in said ink supply system thru/or any 1 term of 6. 
[Claim 8] The ink jet recording head according to claim 7 characterized by setting up passage resistance of said ink 
supply system so that the pressure drawdown of said common passage at the time of carrying out the continuation 
regurgitation of the ink droplet may be set to 800Pa or less from said nozzle. 

[Claim 9] An ink jet recording head given in claim 1 characterized by the flat-surface configuration of said common 
passage in said vena-contracta configuration part being constituted by the smooth curve thru/or any 1 term of 8. 
[Claim 10] An ink jet recording head given in claim 1 characterized by said ink supply system including said two or 
more common passage and the 2nd community passage which opens said two or more common passage for free 
passage mutually thru/or any 1 term of 9. 

[Claim 1 1] The ink jet recording head according to claim 10 to which the ink feed hopper for supplying ink to said 2nd 
community passage is characterized by being prepared near the center of said 2nd community passage. 
[Claim 12] An ink jet recording head given in claim 10 or any of 11 they are. [ which is characterized by preparing two 
or more ink feed hoppers for supplying ink in said 2nd community passage to said one 2nd community passage ] 
[Claim 13] An ink jet recording head given in claim 10 characterized by having two or more said 2nd community 
passage thru/or any 1 term of 12. 

[Claim 14] The ink jet recording head according to claim 13 which divides said two or more common passage into 
two or more groups, and is characterized by connecting said common passage of each group to said respectively 
separate 2nd community passage. 

[Claim 15] An ink jet recording head given in claim 10 characterized by being arranged so that said common passage 
may become almost parallel to the main scanning direction of an ink jet recording head, and being arranged so that 
said 2nd community passage may become almost perpendicular to said main scanning direction thru/or any 1 term of 
14. 

[Claim 16] An ink jet recording head given in claim 10 characterized by being arranged so that said common passage 
may become almost perpendicular to the main scanning direction of an ink jet recording head, and being arranged so 
that said 2nd community passage may become almost parallel to said main scanning direction thru/or any 1 term of 
14. 

[Claim 17] The ink jet recording device characterized by equipping claim 1 thru/or any 1 term of 16 with the ink jet 
recording head of a publication. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] This invention relates to the ink jet recording head and ink jet recording device which breathe 

out an ink droplet from a nozzle and perform record of an alphabetic character or an image. 

[0002] 

[Description of the Prior Art] The pressure generating interior of a room where it filled up with ink is made to generate 
a pressure wave (acoustic wave) using pressure generating means, such as an electrostrictive actuator, and, 
generally the drop on-demand mold ink jet which carries out the regurgitation of the ink droplet from the nozzle which 
was open for free passage in the pressure generating room with the pressure wave is known well (JP,53-12138,B, 
JP,10-193587,A). 

[0003] Drawing 23 shows an example of the ejector in a well-known ink jet recording apparatus in the 
above-mentioned official report etc. An ejector 10 is constituted by the common passage 4, an air damper 26, the ink 
supply way 5, a diaphragm 8, an electrostrictive actuator 3, the pressure generating room 1, and the nozzle 2. 
Usually, one ejector 10 has one nozzle 2. In the pressure generating room 1, the nozzle 2 for carrying out the 
regurgitation of the ink and the ink supply way 5 for leading ink from an ink tank (not shown) through the common 
passage 4 are open for free passage. An air damper 26 is formed above the common passage 4, and absorbs a 
pressure. Moreover, a diaphragm 6 is formed in the base of the pressure generating room 1, and the electrostrictive 
actuator 7 is attached in the exterior of a diaphragm 6. 

[0004] At the time of the regurgitation of an ink droplet 8, an electrostrictive actuator 7 carries out the variation rate of 
the diaphragm 6, makes the pressure generating room 1 produce a volume change, and generates a pressure wave, 
By this pressure wave, it is injected outside through a nozzle 2, and some ink with which it filled up in the pressure 
generating room 1 serves as an ink droplet 8, and it flies. The ink droplet 8 which flew reaches the target on record 
media, such as the recording paper, and forms a record dot. An alphabetic character and an image are recorded on 
a record medium by performing formation of such a record dot repeatedly based on image data. 
[0005] Drawing 24 shows typically meniscus actuation of the nozzle 2 before and behind the regurgitation of an ink 
droplet 8. When, as for the meniscus 9 which was in the start almost flat condition, the pressure generating room 1 is 
compressed, it moves toward the exterior of a nozzle 2 and an ink droplet 8 is made to breathe out, as shown in this 
drawing (a) (this drawing (b)). Immediately after the regurgitation of an ink droplet 8, in order that the amount of ink of 
the nozzle 2 interior may decrease, the meniscus 9 of a concave configuration is formed (this drawing (c)). y shown 
all over drawing is the amount of displacement of the meniscus 9 after this regurgitation. According to an operation of 
the surface tension of ink, through the condition which shows in this drawing (d) and (e), the meniscus 9 which 
became a concave configuration returns to opening of a nozzle 2 gradually, and is soon recovered in the condition in 
front of the regurgitation (this drawing (f)). 

[0006] Drawing 25 shows location change of the meniscus 9 just behind the regurgitation of an ink droplet 8. The 
meniscus 9 (y=-60micrometer) which retreated greatly immediately after the regurgitation (t= 0) returns to an initial 
valve position (y= 0), vibrating, as shown in this drawing. Time amount until a meniscus 9 returns the thing of return 
actuation of the meniscus 9 after the regurgitation of such an ink droplet 8 to the effective area of a nozzle 2 first after 
a refill, a call, and the regurgitation of an ink droplet 8 is called refill time amount (tr). 

[0007] In an ink jet recording head, the greatest parameter which influences a recording rate is the number of nozzles 
2. There can be many dots which can be formed in per unit time amount, and it can improve a recording rate, so that 
there are many nozzles 2. Therefore, in the usual ink jet recording apparatus, many recording heads of the 
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multi-nozzle mold which connected two or more ejectors 10 are used. Drawing 26 shows the recording head which 
carried out one-dimensional array of the ejector 10. A recording head is constituted by the ink tank 20, the ink ducts 
18a and 18b, a filter 19, and the ejector 10. The ink tank 20 is connected with the common passage 4 through the ink 
ducts 18a and 18b and a filter 19, and two or more ejectors 10 are open for free passage to this common passage 4. 
[0008] However, with the structure of arranging such an ejector 10 in one dimension, the number of ejectors 10 
cannot be increased so much, but about 100 pieces are usually called upper limit. Then, the ink jet recording head (it 
is hereafter called a matrix array head) to which the number of ejectors was made to increase is partly proposed by 
carrying out the matrix array of the ejector two-dimensional until now (JP,1-208146,A, Patent Publication Heisei No. 
508808 [ ten to ] official report, etc.). 

[0009] Drawing 27 shows an example of a matrix array head. It newly has the 2nd community passage 16, and the 
common passage 4 is different from the recording head of drawing 26 at the point existing [ two or more ]. Each 
common passage 4 is open for free passage to the 2nd community passage 16, and two or more connection of the 
ejector 10 is made in each common passage 4. Such matrix array head structure is very effective in making the 
number of ejectors 10 increase. For example, it becomes possible by setting the number of the common passage 4 
to 26, and connecting ten ejectors 10 to each common passage 4 to make 260 ejectors 10 arrange. 
[0010] Drawing 28 shows the ink jet recording head indicated by the Patent Publication Heisei No. 508808 [ ten to ] 
official report, (a) shows the cross section of an ejector 10 and (b) shows arrangement of an ejector 10 typically. As 
shown in this drawing (a), an ink jet recording head consists of the pressure generating room 1, a nozzle 2, the fate 
path 3, the ink supply way 5, a diaphragm 6, an electrostrictive actuator 7, and passage 23. This ink jet recording 
head is formed by making a nozzle plate 11, the passage plate 25, and a diaphragm 6 rival. The septum 27 has the 
thickness from which the pressure of the pressure generating room 1 is not transmitted to passage 23. As shown in 
this drawing (b), passage 23 is open for free passage to passage 24. This passage 23 is equivalent to the common 
passage 4 of drawing 27 , and passage 24 is equivalent to the 2nd community passage 16. 
[0011] 

[Problem(s) to be Solved by the Invention] By the way, with drawing 27 and the conventional matrix array head as 
shown in 28, spacing (nozzle pitch Pc) of the nozzle 2 which faced across the common passage 4 could not be small 
set up as the 1st technical problem, but there was a problem that the array consistency (the number of nozzles per 
unit area) of an ejector 10 could not be made not much high as a result. 

[0012] Drawing 29 shows the equivalence electrical circuit of a matrix array head, m - an inertance [kg/m4] and r - 
acoustic resistance [Ns/m5] and c - acoustic capacitance [m5/N] and phi - a pressure [Pa] - expressing -- d of a 
subscript - a mechanical component and c - a pressure generating room and i ~ an ink supply way and n - a 
nozzle and p - common passage and p' ~ the - 2 common passage is meant, respectively. With the matrix array 
head which arranged the ejector 10 two-dimensional, as shown in drawing 29 , many ejectors 10 are open for free 
passage with the common passage 4 and the 2nd community passage 16. Therefore, when there are many ejectors 
10 which were open for free passage to the same common passage 4, it is necessary to control the cross talk 
between the approaching ejectors 10 (pressure interference) etc., and to secure big acoustic capacitance in the 
common passage 4. 

[0013] However, in order to make the acoustic capacitance of the common passage 4 increase so that it may 
mention later, it is necessary to set up the width of face of the common passage 4 greatly. Therefore, with the 
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conventional matrix array head, the nozzle pitch Pc between the nozzles 2 which counter across the common 
passage 4 was not able to become large, and a high nozzle configuration consistency was not able to be realized. 
[0014] Furthermore, as the 2nd technical problem in the conventional matrix array head, when the regurgitation (RF 
coincidence regurgitation) of the ink droplet 8 of a major diameter was carried out to coincidence from two or more 
ejectors 10 with a period short from two or more ejectors 10, there was a problem that a discharge condition 
destabilized. Drawing 30 changes the drop volume of an ink droplet 8, and a regurgitation frequency using the 
conventional matrix array head, it is an example of a result which investigated the stability of the regurgitation, and 
(A) shows ink droplet volume 20pl, and (B) shows the result at the time of ink droplet volume 30pl. In addition, the 
stability of the regurgitation was evaluated as change of the flight rate (drop speed) of an ink droplet 8. 
[0015] As shown in a graph (A), when the ink droplet of drop volume 20pl was breathed out to coincidence from 260 
ejectors 10 by which the matrix array was carried out, destabilization of drop speed was checked on the regurgitation 
frequency of 10kHz or more, and it became the non-regurgitation above 15kHz. As a result of carrying out 
stroboscope observation of the discharge condition of the ink droplet 8 at this time, on the regurgitation frequency of 
10kHz or more, many discharge conditions by which the drop of a major diameter and the drop of a minor diameter 
are breathed out by turns were observed, and also when a drop diameter and drop speed changed at random, it was 
observed. Moreover, when the drop volume was increased to 30pl(s), as shown in a graph (B), the same 
regurgitation destabilization was observed on the regurgitation frequency of 7kHz or more. 
[0016] It turned out that it is easy to generate when a regurgitation frequency is high, or when the path of the ink 
droplet 8 made to breathe out is large, and when [ when there are many ejectors 10 to which the coincidence 
regurgitation of the above-mentioned regurgitation destabilization phenomenon is carried out as a result of 
experiment evaluation, or ]. Moreover, generating of regurgitation destabilization checked that all the ejectors 10 
connected to the same common passage 4 destabilized almost similarly. If it thinks from such an observation result, 
it can be said that the above-mentioned regurgitation destabilization phenomenon is not a thing resulting from the 
acoustical cross talk between each ejector 10, but is a new regurgitation destabilization phenomenon which is not 
regarded as questionable conventionally. 

[0017] If the above regurgitation destabilization phenomena occur, since the drop volume and drop speed of an ink 
droplet 8 will become very unstable, the quality of an output image will deteriorate sharply. Moreover, when the 
degree of destabilization is remarkable, air bubbles are involved in the nozzle 2 interior, and the non-regurgitation 
may be produced. Since such a regurgitation destabilization phenomenon occurred, with the conventional matrix 
array head, the RF coincidence regurgitation of the ink droplet 8 of a major diameter was not able to be carried out 
from many ejectors 10, and the description of the matrix array head of being advantageous to high-speed record was 
not fully able to be demonstrated. 

[0018] This invention realizes a matrix array head with a high nozzle configuration consistency with a low 
manufacturing cost, and aims at offering the matrix array head which controls the regurgitation destabilization 
phenomenon generated in case the RF coincidence regurgitation of the major-diameter ink droplet is further carried 
out from two or more ejectors, and enables stable high-speed record. 
[0019] 

[Means for Solving the Problem] In order to prevent the cross talk generated between the ejectors of an ink jet 
recording head, as a result of repeating various examination, this invention person hits on an idea in the following 



6 



knowledge, and came to accomplish this invention. Here, there is relation with close acoustic capacitance of the 
common passage 4 and width of face of the common passage 4. The acoustic capacitance cv of the common 
passage 4 is expressed with a bottom type when the rigidity of a common passage wall is high. **** is a correction 
factor for which the volume [m3] of the common passage 4 and kappa depend for on the elastic modulus [Pa] of ink, 
and K1 depends on the rigidity of a common passage wall, and usually becomes about 0.3 to 0.7 value. 
cv=***7(kappaK1)(1) 

The acoustic capacitance of the common passage 4 is proportional to the volume **** of common passage. Since 
there is an upper limit in the height of the common passage 4 (usually about 100-200 micrometers), in order to 
secure big acoustic capacitance (volume), it is necessary to set up the width of face of the common passage 4 
greatly. 

[0020] Moreover, the acoustic capacitance of the common passage 4 can also be made to increase by giving the 
rigid small air damper 26 to a part of common passage 4, as shown in drawing 23 . in this case, the acoustic 
capacitance cd given to the common passage 4 by the air damper 26 -- air damper width of face is computable from 
a degree type, if Wd [m] and air damper thickness are set to td [m] and the Poisson's ratio of Ed [Pa] and an air 
damper is set [ air damper die length ] to nud for the elastic modulus of Id [m] and an air damper. 
[Equation 1] 

Cd * — = — e - 

60£,f/ ( 2 ) 

That is, the acoustic capacitance cd given by the air damper 26 is proportional to the 5th power of the air damper 
width of face Wd. In the ink jet recording head shown in drawing 23 , the width of face of an air damper 26 needs to 
set up the width of face of the common passage 4 greatly, in order to set acoustic capacitance cd as a big value, 
since it is the width of face of the common passage 4. The acoustic capacitance cp of the whole common passage 
serves as a value which added cv and cp. 

[0021] As mentioned above, in order to secure big acoustic capacitance in the common passage 4, it is necessary to 
set up the width of face of the common passage 4 greatly. However, with the conventional matrix array head as 
shown in drawing 28 , in order to secure big width of face in the common passage 4, the nozzle pitch Pc will have to 
be set up very greatly, therefore the array consistency of a nozzle will decrease. That is, with the conventional matrix 
array head as showed common passage to drawing 28 formed in the shape of a straight line, from the requirements 
on structure, the nozzle pitch Pc had to be set up so that the following conditional expression might be satisfied. Here, 
WPs of the necessary width of face of passage 23 and dT are [ the path of the free passage way 3 and WW1 ] the 
septum width of face between the free passage way 3 and passage 23. 
Po=Wp+dT+2WW1 (3) 

With this matrix array head, as for this, the free passage way 3 is formed in the same flat surface of passage 23, and 
both are because it must be separated by the septum 27. 

[0022] The free passage way 3 is asked for the function to stabilize the discharge direction of an ink droplet 8 at the 
same time it leads ink to a nozzle 2 with low fluid resistance. For this reason, a to some extent big path is needed, 
and it is about 100-150 micrometers in a general ink jet recording head. Moreover, in order that the septum 27 
between the free passage way 3 and passage 23 may perform junction with a nozzle plate etc., a certain amount of 
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width of face is needed. For example, in joining the passage plate 25 and a nozzle plate 1 1 with adhesives, if width of 
face of a septum 27 is not set as 100 micrometers or more, it will become easy to generate an adhesive agent. If an 
adhesive agent occurs, pressure wave leak will occur between the free passage way 3 and passage 23, and the 
problem of it becoming impossible to perform normal pressure wave generating will arise. Thus, since the magnitude 
more than fixed was needed for the diameter dT of a ream path, and the septum width of face WW1 , it was difficult to 
set up the nozzle pitch Pc small and to realize a high nozzle configuration consistency with the conventional matrix 
array head which has the straight-line-like passage 23. 

[0023] It is based on the above-mentioned knowledge. The ink jet recording head of this invention The nozzle which 
each opens for free passage in a pressure generating room and this pressure generating room, and two or more 
ejectors by which it was arranged two-dimensional including the pressure generating means, It has an ink supply 
system including the common passage which connects two or more ejectors. A pressure generating room is filled up 
with ink through common passage, and the ink of the pressure generating interior of a room is made to produce 
pressure variation with a pressure generating means. It is characterized by being the vena-contracta configuration 
which is the ink jet recording head which makes an ink droplet breathe out from a nozzle, is arranged and has a part 
with wide width of face, and a part with narrow width of face so that common passage may overlap a pressure 
generating room superficially. 

[0024] Width of face is small between two nozzles which counter across common passage as a gestalt of a 
vena-contracta configuration, and it is suitable to be set up so that width of face may become large in the other part. 
In the ink jet recording head of this invention, the width of face of common passage is partially expanded greatly by 
being narrow and making common passage into a configuration. Thereby, even if it sets up the nozzle pitch Pc 
conventionally smaller than a head, it becomes possible to secure sufficient acoustic capacitance. In the ink jet 
recording head of this invention, when septum width of face between W1 and common passage is set to WW2 for the 
width of face of common passage (refer to drawing 5 ), it becomes possible to set the nozzle pitch Pc as the next 
range. 

Pc>=W1+WW2 (4) 

Although WW2 serves as a value almost comparable as WW1, since the pressure wave leak between common 
passage does not make a regurgitation property generate a big problem, WW2 can also be set up smaller than WW1. 
That is, in the ink jet recording head of this invention, compared with the conventional matrix array head, only a part 
[ at least / (dT+WW1) ] can decrease the nozzle pitch Pc, and it becomes possible to increase the array consistency 
of a nozzle sharply. 

[0025] Moreover, the ink jet recording head of this invention is characterized by the member which forms a nozzle 
serving as the air damper of common passage. The air damper of common passage can be constituted from few 
members by this, and the effectiveness that an ink jet recording head with a high nozzle configuration consistency is 
realizable with a low manufacturing cost is acquired. 

[0026] Moreover, the member which forms a nozzle is constituted from the ink jet recording head of this invention by 
the resin film. Big acoustic capacitance can be secured to an air damper by this, the acoustic capacitance made 
necessary in the common passage where width of face is narrow can be obtained, and it becomes possible to make 
the array consistency of a nozzle increase further. 

[0027] Moreover, the ink jet recording head of this invention is set up so that the acoustic capacitance cp of common 
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passage may satisfy the following conditional expression. 

cp> Thereby, generating of the acoustical cross talk between each ejector can be prevented, and 20 cc of 
effectiveness that an ink jet recording head with high homogeneity of a regurgitation property and stability is 
realizable is acquired. 

[0028] Moreover, the ink jet recording head of this invention is set up so that the acoustic capacitance cp of common 
passage may satisfy the following conditional expression. 

cp> 10 cn, thereby, the increment in refill time amount when carrying out the coincidence regurgitation of two or more 
ejectors can be prevented, and the effectiveness that the homogeneity of a regurgitation property and stability can be 
improved further is acquired. 

[0029] Moreover, in the ink jet recording head of this invention, passage resistance of an ink supply system is set up 
so that the refill time amount at the time of carrying out the continuation regurgitation of the ink droplet from a nozzle 
may not become larger than the regurgitation period to mean by the pressure drawdown in the common passage 
produced by the semi- steady ink flow in an ink supply system. 

[0030] Furthermore, passage resistance of an ink supply system is set up so that the pressure drawdown of the 
common passage at the time of carrying out the continuation regurgitation of the ink droplet may be set to 800Pa or 
less from a nozzle. 

[0031] The regurgitation destabilization phenomenon generated by this when the RF coincidence regurgitation of the 
major-diameter ink droplet is carried out from two or more ejectors can be controlled, and it becomes possible to 
realize the ink jet recording head suitable for high-speed record. 

[0032] Moreover, the flat-surface configuration of the common passage in a vena-contracta configuration part is 
constituted from an ink jet recording head of this invention by the smooth curve. Since the ink flow in common 
passage can be equalized and a cellular residual in common passage can be prevented by this, it becomes possible 
to realize a reliable ink jet recording head. 

[0033] the [ moreover, / with which an ink supply system connects two or more common passage and two or more of 
these common passage in the ink jet recording head of this invention ] - 2 common passage -- containing - **** - 
last ** Thereby, ink supply can be efficiently performed to many ejectors, and the effectiveness that the size of the 
whole head can be decreased is acquired. 

[0034] Moreover, in the ink jet recording head of this invention, the ink feed hopper for supplying ink to the 2nd 
community passage is prepared near the center of the 2nd community passage. Thereby, the necessary width of 
face of the 2nd community passage can be reduced, and the effectiveness that head size can be decreased is 
acquired. 

[0035] Moreover, in the ink jet recording head of this invention, two or more ink feed hoppers for supplying ink to the 
2nd community passage are prepared. While being able to reduce the necessary width of face of the 2nd community 
passage and being able to decrease head size by this, the ink jet recording head which cannot be easily influenced 
of passage plugging by dust etc. is realizable. 

[0036] Moreover, in the ink jet recording head of this invention, two or more possession of the 2nd community 
passage is carried out. While being able to reduce the necessary width of face of the 2nd community passage and 
being able to decrease head size by this, the effectiveness that cellular survival in the 2nd community passage can 
be prevented is acquired. 
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[0037] Moreover, in the ink jet recording head of this invention, it is arranged so that common passage may become 
almost parallel to the main scanning direction of an ink jet recording head, and it is arranged so that the 2nd 
community passage may become almost perpendicular to a main scanning direction. Thereby, since the head overall 
length of the direction of vertical scanning can be set up short, the distance between rollers for record-medium 
conveyance is set up short, and the effectiveness that conveyance of a record medium can be stabilized is acquired. 
[0038] Moreover, in the ink jet recording head of this invention, it is arranged so that common passage may become 
almost perpendicular to the main scanning direction of an ink jet recording head, and it is arranged so that the 2nd 
community passage may become almost parallel to a main scanning direction. Thereby, the head full one of a main 
scanning direction can be set up short, and an ink jet recording head still more advantageous to high-speed record 
can be realized. 

[0039] Moreover, in the ink jet recording head of this invention, two or more common passage is divided into two or 
more groups, and each group's common passage is connected to the respectively separate 2nd community passage. 
Thereby, the necessary cross section of common passage and/or the 2nd community passage can be reduced, and 
the effectiveness of the ability to make a nozzle configuration consistency increasing further is acquired. 
[0040] The ink jet recording apparatus concerning this invention is characterized by having the ink jet recording head. 
According to such an ink jet recording apparatus, the ink jet recording apparatus which has a very high recording rate 
is realizable. 
[0041] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, this invention is explained in more detail based 
on the example of an operation gestalt of this invention. 

[0042] Example drawing 1 of the 1st operation gestalt shows the cross section of the ejector 10 of the ink jet 
recording head of the example of the 1st operation gestalt. An ejector 10 is constituted including the pressure 
generating room 1 , a nozzle 2, the fate path 3, the common passage 4, the ink supply way 5, a diaphragm 6, and an 
electrostrictive actuator 7. 

[0043] The pressure generating room 1 is open for free passage to the common passage 4 through the ink supply 
way 5, and it fills up with ink in the pressure generating room 1. In the pressure generating room 1, the nozzle 2 for 
carrying out the regurgitation of the ink droplet 8 is open for free passage. Moreover, the base of the pressure 
generating room 1 serves as a diaphragm 6, and the electrostrictive actuator (piezoelectric transducer) 7 which 
generates a pressure is attached in a diaphragm 6. When driver voltage is impressed to this electrostrictive actuator 
7, an electrostrictive actuator 7 bends, a diaphragm 6 is minded and the pressure generating room 1 is made to 
expand or compress, if a volume change arises in the pressure generating room 1 - the pressure generating interior 
of a room ~ a pressure wave occurs in 1 . Ink receives the force according to an operation of this pressure wave, and 
an ink droplet 8 is formed by being discharged from a nozzle 2 outside. 

[0044] Drawing 2 shows the configuration of the ink jet recording head which arranged the ejector 10 of drawing 1 
two-dimensional. An ink jet recording head consists of a total of a nozzle plate 1 1 , the common passage plate 1 2, the 
supply way plate 13, the pressure generating room plate 15, and five plates of a diaphragm 6. By carrying out 
laminating junction of these with adhesives, two or more ejectors 10 arranged in the shape of an array and the 2nd 
community passage 16 to which ink is supplied through the ink supply way 17 are formed. In the ink jet recording 
head of this example of an operation gestalt, the common passage 4 and the pressure generating room 1 are 
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arranged so that it may lap superficially, acoustic capacitance is secured by the common passage 4 being narrow 
and having a configuration, and generating of a cross talk is prevented. 

[0045] As shown in drawing 2 , the common passage 4 is open for free passage with the 2nd community passage 16 
which has been arranged so that it may become almost parallel to the main scanning direction of a head, and has 
been arranged so that it may become almost parallel to the direction of vertical scanning. The 2nd community 
passage 16 is open for free passage with the ink tank (not shown) through the ink feed hopper 17, and carries out 
the role which supplies ink to each common passage 4. In the common passage 4, the pressure generating room 1 is 
open for free passage. In this example of an operation gestait, 26 common passage 4 was opened for free passage 
to the 2nd community passage 16, and the number of nozzles became the ink jet recording head whose number is 
260 by having arranged ten ejectors 10 in each common passage 4. 

[0046] Drawing 3 shows typically the array approach of the ejector 10 in this example of an operation gestait. As 
shown in this drawing (a), the ejector 10 which was open for free passage to the same common passage 4 In the 
process which shifts only a PG (the number of ejectors 10 with which =Pc/n ;n is connected to the same common 
passage 4) in the direction of vertical scanning, is arranged in it, respectively, and scans a head to a main scanning 
direction The dot train of a pitch PG is formed by carrying out the regurgitation of the ink droplet 8 from the ejector 10 
of each train, shifting regurgitation timing. This drawing (b) expresses the regurgitation timing of each ejector 10 train 
in this example of an operation gestait. In this example of an operation gestait, the scan speed of 600 micrometers 
and a head is set as 1 m/s for the distance Pn between trains. Therefore, a dot can be made to reach the same 
location to a main scanning direction by shifting the regurgitation timing of each train for 600 microseconds, and 
making it breathe out, as shown in this drawing (b). Thus, it is one of the features that a matrix array head is big that 
a dot train with a small pitch PG can be formed by one head scan. 

[0047] In this example of an operation gestait, the polyimide film with a thickness of 25 micrometers was used for the 
nozzle plate 11 (Ed=2.0GPa, nud=0.4), and the nozzle 2 of 25 micrometers of diameters of opening was formed by 
excimer laser processing. This nozzle plate functions also as an air damper 26 of common passage so that it may 
mention later. The ink supply way 5 of 26 micrometers of diameters of opening was formed in the supply way plate 
13 with a press using the stainless plate with a thickness of 75 micrometers. The passage pattern was formed in the 
common passage plate 12 and the pressure generating room plate 15 by wet etching using the stainless plate with a 
thickness of 120 micrometers. 

[0048] Die length of one side used to 400 micrometers, the aspect ratio (aspect ratio) used the pressure generating 
room 1 as the square of 1, and in order to prevent the stagnation of ink flow, it gave R configuration to the corner of 
the pressure generating room 1. As shown in drawing 1 , the common passage 4 is arranged so that the pressure 
generating room 1 may be overlapped superficially. In addition, it says concluding that it overlaps superficially from 
the scan-layer side of a head, and overlapping. It calls only overlapping below. Thus, if the common passage 4 is 
arranged so that the pressure generating room 1 may be overlapped, since the common passage 4 and the pressure 
generating room 1 can be efficiently arranged in a small area compared with the case where the common passage 4 
and the pressure generating room 1 have been arranged in the same flat surface, it becomes advantageous to the 
miniaturization (high density array of an ejector 10) of a head. Veneer-like piezo-electricity ceramics with a thickness 
of 30 micrometers was used for the diaphragm 6 at the electrostrictive actuator 7, using a stainless plate with a 
thickness of 10 micrometers. 
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[0049] Drawing 4 is an example of a driver voltage wave impressed to the electrostrictive actuator 7. This driver 
voltage wave is constituted by the 1st electrical-potential-difference change (pressure up) process 51 of changing an 
electrical potential difference in the direction which compresses the pressure generating room 1, and the 2nd 
electrical-potential-difference change (pressure lowering) process 52 for returning applied voltage at the original bias 
voltage (Vb). When V1 was set as 30V in the ink jet recording head of this example of an operation gestalt, it was 
possible to have carried out the regurgitation of the ink droplet of drop volume 20pl. Moreover, the refill time amount 
at the time of a single nozzle drive (tr) was 35 microseconds. 

[0050] Drawing 5 shows the array of an ejector 10 typically. In addition, the nozzle location gap of the pitch PG 
shown in drawing 3 is omitted and shown. Drawing 5 is the A-A view Fig. of drawing 1 . The width of face of the 
common passage 4 is carrying out a vena-contracta configuration which serves as min (W2) between nozzle A-B 
which counters across the common passage 4, and serves as max (W1) between nozzle A-C which adjoins along 
the common passage 4, Since common passage 4 is made into such a vena-contracta configuration, big width of 
face (W1) can be partially secured in the common passage 4, and big acoustic capacitance can be obtained. That is, 
it becomes possible to secure the acoustic capacitance needed for common passage in the small nozzle pitch Pc 
conventionally made common passage the shape of a straight line as compared with a head. 
[0051] In the ink jet recording head of this example of an operation gestalt, the width of face WW2 of the septum 41 
between 100 micrometers and the common passage 4 was set [ the maximum width (W1) of the common passage 4 
/ the path (dT) of 500 micrometers and the free passage way 3 ] as 100 micrometers for the width of face WW1 of the 
septum 40 between 150 micrometers, the free passage way 3, and the common passage 4. For this reason, the 
nozzle pitch Pc between the nozzles 2 which adjoin across the common passage 4 was set to 600 micrometers 
(=W1+WW2), and the minimum width of face (W2) of the common passage 4 was set to 250 micrometers 
(=Pc-dT-2WW1). The nozzle pitch Pn between the nozzles 2 which adjoin along the common passage 4 was set as 
600 micrometers. 

[0052] The top face of the common passage 4 consists of rigid low nozzle plates 1 1, and this part functions as an air 
damper 26. In this ink jet recording head, the acoustic capacitance cp (**cd) of the common passage 4 (air damper 
26) per ejector 10 formula (1) Reaches, and is set to 5/N from (2) about 8.4x10 to 18 m. 

[0053] Here, the knowledge which this invention person clarified about the acoustic capacitance needed for the 
common passage 4 is explained. About the ink jet recording head of this example of an operation gestalt, this 
invention person performed equal circuit analysis using the circuit model shown in drawing 6 , and conducted the 
actual expulsion-of-an-ink-droplet experiment. Consequently, the incidence rate of the acoustical cross talk through 
the common passage 4 is dependent on the ratio of the acoustic capacitance cp of the common passage 4, and the 
acoustic capacitance cc of the pressure generating room 1 , and is cp>20cc (5). 

When filling ******, it found out that generating of a cross talk could be prevented. In addition, the equal circuit of 
drawing 6 is the circuit model which started one common passage 4. 

[0054] The acoustic capacitance cc of the pressure generating room 1 is expressed with a degree type when the 
correction factor which depends a pressure chamber volume for the elastic modulus of Vc [m3] and ink on the rigidity 
of kappa [Pa] and a pressure generating room etc. is set to K2. 
cc=Vc/(kappa-K 2) (6) 

Moreover, the acoustic capacitance cp of the common passage 4 is calculated by the formula (1) and the formula (2). 
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In addition, acoustic capacitance cp is the acoustic capacitance per ejector, for example, the acoustic capacitance of 
the common passage 4 whole is 1x10-17m5/N, and when ten ejectors 10 are equally connected to the common 
passage 4, cp serves as Q.1x10-17m5/N. When equal arrangement of the ejector 10 is not carried out, corresponding 
to an arrangement condition, the acoustic capacitance of the common passage 4 is distributed to each ejector 10. In 
this example of an operation gestalt, since equal arrangement of the ejector 10 is carried out in the pitch (Pn) of 600 
micrometers, if the die length of an air damper 26 is calculated as ld=600micrometer in a formula (2), the acoustic 
capacitance per ejector can be calculated. 

[0055] Drawing 7 shows the result of having changed cp/cc and having investigated incidence-rate change of a cross 
talk. The cross talk incidence rate was evaluated as (v2-v1) / v1 from the drop speed v1 at the time of carrying out 
the independent regurgitation of the one ejector 10, and the drop speed v2 at the time of carrying out the coincidence 
regurgitation of all the ejectors 10. If a cross talk incidence rate decreases with the increment in cp/cc and the 
conditions which are cp>20cc are fulfilled from the graph of drawing 7 , it turns out that a cross talk incidence rate 
can be stopped to 10% or less. Moreover, within the limits of 0.1<cp/cc<10, the incidence rate of a cross talk became 
very large. On condition that 0.1<cp/cc<10, the oscillation frequency of the pressure wave in the common passage 4 
and the pressure wave in the pressure generating room 1 becomes near, and this is considered for a kind of 
resonance phenomena to occur, although a pressure wave arises in the common passage 4 by the pressure wave 
spread from the pressure generating room 1. 

[0056] When two or more heads from which cp/cc differs were made as an experiment and the incidence rate of a 
cross talk was investigated, as it changed the width of face and the quality of the material of an air damper 26, and 
the ink jet recording head of this example of an operation gestalt was actually shown in drawing 7 , the result which is 
very well in agreement with an equal circuit analysis result was obtained. In addition, strictly, although Inertance mp 
and acoustic resistance rp of the common passage 4 also affect a cross talk incidence rate, by the usual ink jet 
recording head, you may think that the effect is very small and the incidence rate of a cross talk is governed by cp/cc 
as mentioned above. 

[0057] Moreover, as a result of this invention person's conducting the equal circuit analysis using the circuit model 
shown in drawing 8 , and an actual expulsion-of-an-ink-droplet experiment, it is dependent on the ratio of the acoustic 
capacitance cp of the common passage 4, and the acoustic capacitance cn of a nozzle, and the refill time amount tr 
at the time of performing the regurgitation to coincidence from two or more ejectors 10 is cp>10cn (7). 
When filling ******, it found out that it was possible to control the increment in refill time amount. In addition, the equal 
circuit of drawing 8 is the circuit model changed into the form of having been suitable for starting one common 
passage and analyzing a refill phenomenon further, me shows the inertance (=m1+m2+m3) of the whole ejector, and 
re shows the acoustic resistance (=r1+r2+r3) of the whole ejector. 

[0058] The acoustic capacitance cn of a nozzle is expressed like a degree type, when nozzle open aperture is set to 
dn [m] and it sets sigma [N/m] and the amount of drawing in of a meniscus to y [m] for ink surface tension. 



Like an upper type, although it depends for the acoustic capacitance cn of a nozzle on the amount y of drawing in of 



[Equation 2] 




(8) 
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a meniscus, it is referred to as y**dn/4 as central value here, and cn is defined like a degree type. 
[Equation 3] 

C " B 48a ( 9 ) 

[0059] Drawing 9 shows the result of having investigated the relation between cp/cn and the refill time amount tr. In 
addition, it is cn=8.5x10-19m5/N. It became clear that it becomes possible being able to prevent the increment in refill 
time amount from this result if cp/cn becomes large, and tr will become small and will fulfill the conditions of cp>10cn, 
and to abolish the refill time difference between ejectors. Moreover, within the limits of 4<cp/cn<10, it became clear 
that the increment in refill time amount becomes large unusually. This is considered for interference to arise as well 
as the case of the above-mentioned cross talk between the pressure wave of the pressure generating interior of a 
room, and the pressure wave in common passage. 

[0060] As a result of an actual regurgitation experiment investigating the relation of cp/cn, as shown in drawing 9 , the 
result which is very well in agreement with an equal circuit analysis result was obtained. Moreover, also to the 
increment in the refill time amount tr, the inertance mp of common passage and the effect of acoustic resistance rp 
were small, and it became clear from the result of having made two or more kinds of ink jet recording heads as an 
experiment by the usual ink jet recording head that what is necessary is just to perform a property setup of the 
common passage 4 based on cp/cn. 

[0061] As mentioned above, in order to control the cross talk between each ejector, and the increment in refill time 
amount at the time of the coincidence regurgitation, it is necessary to fulfill the conditions of a formula (5) and a 
formula (7). In the ink jet recording head of this example of an operation gestalt The acoustic capacitance cp of the 
common passage 4 (**cd) 8.4x1 0-1 8m5/N, Since the acoustic capacitance cc of 7.3x1 0-1 9m5/N (dn=25micrometer, 
sigma=35 mN/m) and a pressure generating room of the acoustic capacitance cn of a nozzle is 3.9x1 0-20m5/N, cp is 
about 12 times of cn, and about 215 times the cc, and has satisfied both the conditions of a formula (5) and a formula 
(7). 

[0062] While the ink jet recording head of this example of an operation gestalt changed the regurgitation frequency 
and the number of coincidence regurgitation ejectors, as a result of investigating the drop volume, drop speed, and 
the refill time amount tr, as for the drop volume and drop speed, it was checked that **2% and the refill time amount 
tr fall within the range within **2microsecond, and a cross talk and the increment in refill time amount can control 
them good. That is, in the ink jet recording head of this example of an operation gestalt, although the nozzle pitch Pc 
was as small as 600 micrometers, it was checked that the acoustic capacitance of common passage is secured 
enough. 

[0063] In head structure, the head which set the nozzle pitch Pc as the same 600 micrometers as this example of an 
operation gestalt was made as an experiment conventionally which has the common passage of the shape of a 
straight line as shown in drawing 28 as an example of a comparison, and the property was evaluated. Since the 
septum width of face (WW1) between the diameter of a ream path (dT) and the free passage way 3, and the 
common passage 4 was set as 150 micrometers and 100 micrometers as well as this example of an operation 
gestalt, respectively, the width of face of common passage was set to 250 micrometers from the formula (3). 
Therefore, it was as small as 2.3x1 0-1 9m5/N, it becomes impossible to have fulfilled the conditions of a formula (5) 
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and a formula (7), the big acoustical cross talk occurred, and **10% or more of dispersion generated the acoustic 
capacitance of an air damper 26 in the drop volume and drop speed of an ink droplet 8. 
[0064] Moreover, when the coincidence regurgitation of two or more nozzles was carried out, the refill time amount tr 
increases and a regurgitation frequency was not reduced to 12kHz, it was difficult to perform the stable regurgitation. 
That is, with the conventional matrix array head, when the nozzle pitch Pc was set as the small value like this 
example of an operation gestalt, it was checked that it becomes impossible to secure sufficient acoustic capacitance 
for the common passage 4, and problems, such as a cross talk and an increment in refill time amount tr, occur. 
[0065] As mentioned above, in order to secure conventionally acoustic capacitance sufficient with head structure for 
the common passage 4 for which it has the common straight-line-like passage 4, the nozzle pitch Pc must be set up 
greatly. In the above-mentioned example of a comparison, if the nozzle pitch Pc is not conventionally set as 850 
micrometers or more with head structure to the nozzle pitch of this example of an operation gestalt being 600 
micrometers, stable ink jet record equivalent to this example of an operation gestalt cannot be performed. That is, the 
ink jet recording head of this example of an operation gestalt can reduce the nozzle pitch Pc about 42% compared 
with a head conventionally, and can raise a nozzle configuration consistency sharply. 

[0066] as mentioned above , by having be narrow and having make into the configuration common passage 4 
arrange so that a nozzle plate 1 1 may be use as a rigid low resin ingredient , and this may be operate as an air 
damper 26 of the common passage 4 and the pressure generating room 1 may be overlap , the ink jet recording 
head of this example of an operation gestalt be able to set up the nozzle pitch Pc small with 600 micrometers , and 
be able to set the nozzle consistency to 2.8 piece / 1mm2 . Consequently, the ink jet recording head with 260 
ejectors 10 was realizable in the small area of 8mmx16mm. 

[0067] Example drawing 10 of the 2nd operation gestalt shows the configuration of the ink jet recording head of the 
example of the 2nd operation gestalt of this invention. The ink jet recording head of this example of an operation 
gestalt is different from the previous example of an operation gestalt in the point which has the free passage way 
plate 14 between the supply way plate 13 and the pressure generating room plate 15, the point which uses a rigid 
high metal plate (stainless plate) for a nozzle plate 11, and the point which uses a rigid low resin film for the supply 
way plate 13. Drawing 1 1 (a) shows the cross section for one piece of the ejector 10 of the ink jet recording head of 
drawing 10 . As for the ejector 10 of this example of an operation gestalt, unlike the structure of the previous example 
of an operation gestalt, the crevice 22 is formed in the free passage way plate 14 between the pressure generating 
room 1 and the common passage 4. The ink jet recording head of this example of an operation gestalt can make 
thickness of an air damper 26 small, a nozzle pitch is narrowed further, and the residual of air bubbles is prevented 
by having given the loose curve to the vena-contracta configuration part of the common passage 4. 
[0068] In order to make the ink jet recording head of this example of an operation gestalt as an experiment, the 
stainless plate with a thickness of 60 micrometers was used for the nozzle plate 11, and the nozzle 2 of 25 
micrometers of diameters of opening was formed by press working of sheet metal. The ink supply way 5 of 20 
micrometers of diameters of opening was formed in the supply way plate 13 by excimer laser processing using the 
polyimide film (Ed=2.0GPa, nud=0.4) with a thickness of 12.5 micrometers. This supply way plate 13 functions as an 
air damper 26 of the common passage 4 so that it may mention later. In addition, in order to secure a big capacity to 
an air damper 26, as for the thickness of the supply way plate 1 3, it is desirable that it is 30 micrometers or less. 
[0069] The passage pattern was formed in the common passage plate 12, the free passage way plate 14, and the 
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pressure generating room plate 15 by etching using the stainless plate with a thickness of 120 micrometers. The 
pressure generating room 1 gave R to the comer, in order that it might be 400 micrometers, an aspect ratio might 
consider as the flat-surface configuration of the square near 1 and die length of one side might improve cellular 
eccritic one. The crevice 22 was formed in the part corresponding to the common passage 4 by half etching at the 
free passage way plate 14. This crevice 22 is for forming the cavernous section among both, when the laminating of 
the supply way plate 13 and the free passage way plate 14 is carried out, and this part functions as an air damper 26. 
[0070] In addition, it is also possible to make lamination and the same structure for another plate 14' between the 
supply way plate 13 and the free passage way plate 14 like drawing 11 (b), without establishing a crevice 22 in the 
free passage way plate 14. However, if a crevice 22 is formed by half etching like this example of an operation 
gestalt, the number of the plates which constitute a head can be reduced and it will become advantageous to 
reduction of a manufacturing cost. Moreover, although not illustrated in drawing 11 , the aeration way for making it 
open for free passage with the open air is established in the crevice 22. Thereby, since a closed space is lost while 
being able to improve the function of an air damper 26, since it always becomes the same pressure as the open air, 
the air in the cavity formed of a crevice 22 can make easy plate laminating junction at the time of head manufacture. 
[0071] Drawing 12 shows the cross section of the ejector of drawing 11 , (a) shows an A-A cross section and (b) 
shows the B-B cross section. As shown in this drawing (a), the common passage 4 has the same vena-contracta 
configuration as the example of the 1st operation gestalt. As similarly the configuration of the crevice 22 formed in 
the free passage way plate 14 is also shown in the B-B sectional view of this drawing (b), it is a vena-contracta 
configuration corresponding to the configuration of the common passage 4. 

[0072] As mentioned above, in the ink jet recording head of this example of an operation gestalt, the base of the 
common passage 4 consists of rigid low supply way plates 13, and this part functions as an air damper 26. For this 
reason, thickness of the supply way plate 13 can be made thin, and the thickness of an air damper 26 can set it up 
very thinly. Therefore, even if it is the case where the nozzle pitch Pc is set up narrowly, sufficient acoustic 
capacitance for the common passage 4 can be secured, and it becomes possible to make a nozzle configuration 
consistency increase further. 

[0073] Like the example of the 1st operation gestalt, when a nozzle plate 1 1 was made into an air damper, there was 
a limitation in reduction of air damper thickness. This is for problems, such as the discharge direction of an ink 
droplet 8 getting worse, or becoming easy to generate the contamination of air bubbles, to arise, when reduction of 
air damper thickness means reduction of the die length of a nozzle 2 and the die length of a nozzle 2 becomes short. 
For this reason, with the head structure of the example of the 1st operation gestalt, about 20-50 micrometers is the 
minimum of air damper thickness. Moreover, with the head structure of the example of the 1st operation gestalt, 
since the air damper 26 is outside exposed, breakage prevention of a nozzle plate 11, the cellular contamination 
prevention at the time of wiping of a nozzle 2, etc. need to set up air damper thickness greatly more than fixed also 
from a viewpoint of the improvement in dependability of a head, 

[0074] It is possible for a nozzle 2 and an air damper 26 to set up air damper thickness very small with the head 
structure of this example of an operation gestalt, since it is the independent structure and the air damper is not 
outside exposed. In this example of an operation gestalt, the supply way plate thickness which is air damper 
thickness was set as 12.5 micrometers. As shown in a formula (2), since the acoustic capacitance of an air damper 
26 is in inverse proportion to the cube of thickness, if it decreases air damper thickness, it can reduce the width of 
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face of the air damper 26 which realizes the same acoustic capacitance. In this example of an operation gestalt, 
although the maximum width W1 of the common passage 4 is decreasing 400 micrometers and the nozzle pitch Pc 
rather than 500 micrometers and the example of the 1st operation gestalt, respectively, bigger acoustic capacitance 
(2.2x1 0-1 7m5/N) than the example of the 1 st operation gestalt is securable for the common passage 4. 
[0075] Moreover, as shown in drawing 12 , the ink jet recording head of this example of an operation gestalt gives the 
R section 28 to the neck of the common passage 4, and constitutes the flat-surface configuration of the common 
passage 4 by the smooth curve. This is for equalizing the ink flow in the common passage 4, and raising eccritic [ of 
air bubbles ]. When it is narrow and common passage 4 is made into a configuration, in the rate of flow in the 
common passage 4, it becomes easy to generate a big ununiformity. With structure which has a big level difference 
in the configuration of the common passage 4, it is especially easy to generate the very small stagnation point of the 
rate of flow near the level difference section like the example of the 1st operation gestalt. Therefore, when ink is 
made to flow into the common passage 4, air bubbles may remain at the stagnation point. 
[0076] Even if air bubbles remain in the common passage 4, unless air bubbles move, it does not have big effect on 
a regurgitation property. However, if the air bubbles which remained by some factors, such as vibration, move and it 
flows in the pressure generating room 1 through the ink supply way 5, it will become impossible from the ejector 10 to 
carry out the regurgitation of the ink droplet 8 correctly. That is, since a cellular residual in the common passage 4 
becomes the cause which spoils the dependability of an ink jet recording head greatly, it is necessary to prevent the 
cellular residual in the common passage 4. So, in the ink jet recording head of this example of an operation gestalt, 
by giving the R section 28 to a part for the neck of the common passage 4, generating of the above-mentioned 
stagnation point was prevented and survival of air bubbles is controlled. 

[0077] Although the optimum range of the radius of curvature (R) in the R section 28 changes with the quality of the 
material of the wall of the average ink rate of flow in the common passage 4, and the feeder current way 4, ink 
ingredients, etc., according to the result to which this invention person did prototype evaluation of many heads, it is 
suitable for it to set it as R>=G/4. Here, G is the magnitude of a level difference as shown in drawing 12 . In the ink 
jet recording head of this example of an operation gestalt, it is G= 1 25 micrometers and R was set as 50 micrometers. 
[0078] As a result of carrying out ink restoration evaluation using an ink jet recording head with the common passage 
4 which gave the above R sections 28, it was checked that a cellular residual in the common passage 4 does not 
occur at all. After attracting ink for 5 seconds from a nozzle with the suction pressure of 300mmHg, ink restoration 
evaluation carried out microscope observation of the condition in the common passage 4, and was performed by 
checking the existence of residual air bubbles. When ink restoration evaluation with the same said of the ink jet 
recording head of the example of the 1st operation gestalt was carried out as a candidate for a comparison, air 
bubbles remained to the neck (level difference section) by about 60% of probability. 

[0079] While the ink jet recording head of this example of an operation gestalt changed the regurgitation frequency 
and the number of coincidence regurgitation ejectors, as a result of investigating the drop volume, drop speed, and 
refill time amount of an ink droplet 8, as for the fluctuation, it was checked that the drop volume and drop speed are 
settled in the range for less than **1.5 microseconds, and a cross talk and the increment in refill time amount can 
control less than **2% and refill time amount for them good. 

[0080] As mentioned above, in the ink jet recording head of this example of an operation gestalt, when the supply 
way plate 1 3 constituted from a resin film functioned as an air damper of the common passage 4, even if it set up the 
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nozzle pitch Pc still smaller with 500 micrometers, sufficient acoustic capacitance for the common passage 4 could 
be secured, and good ink jet record was completed. Moreover, by giving the R section 28 to a part for the neck of the 
common passage 4, the cellular eccritic one in the common passage 4 could be improved sharply, and it became 
possible to realize a reliable ink jet recording head. It could be made to increase about 20% as compared with the 
example of the 1st operation gestalt, and the nozzle configuration consistency was set to 3.3 piece / 1mm2. 
[0081] In addition, although the R section 28 which has the fixed radius of curvature R was given to the level 
difference section (neck) of the common passage 4 in this example of an operation gestalt, if the flat-surface 
configuration of the common passage 4 is constituted by the smooth curve, it is not necessary to necessarily have 
fixed radius of curvature. Moreover, the above "a smooth curve" may be the set of a fine straight line. 
[0082] Example drawing 13 of the 3rd operation gestalt shows the basic structure of the example of the 3rd operation 
gestalt of this invention. The ink jet recording head of this example of an operation gestalt is constituted by two or 
more ejector 10, common passage 4, 2nd community passage 16, ink ducts 18a and 18b, filters 19, and ink tanks 20. 
The ink jet recording head of this example of an operation gestalt has set the fluid resistance (acoustic resistance) of 
an ink supply system including the common passage 4 and the 2nd community passage 16 below to constant value. 
It becomes possible to carry out the continuation regurgitation of the big ink droplet 8 to coincidence from many 
nozzles 2 by setting the fluid resistance of an ink supply system below to constant value. 
[0083] The basic structure of the ink jet recording head of this example of an operation gestalt is the same as what 
was shown in the example of the 2nd operation gestalt. The ejector 10 is open for free passage to the common 
passage 4, respectively. Each common passage 4 is open for free passage to the 2nd community passage 16, and is 
opening the 2nd community passage 16 for free passage with the ink tank 20 through ink duct 18b, a filter 19, and 
ink duct 18a. Ten ejectors 10 are arranged in one common passage 4; and the ink jet recording head which has 260 
ejectors 10 is formed in the 2nd community passage 16 by connecting 26 common passage 4 in all. 
[0084] Drawing 14 shows typically the ink jet recording head of this example of an operation gestalt. About 400 
micrometers (average width of face) and height are set as 120 micrometers, and die length is set as about 6mm for 
the width of face of the common passage 4. Moreover, 2.5mm and height are set as about 250 micrometers, and die 
length (lp') is set as about 6mm for the width of face of the 2nd community passage 16. In the ink jet recording head 
of this example of an operation gestalt, since each ejector is arranged as shown in drawing 14 , the average die 
length (lp*) of about 3mm and the 2nd community passage 16 is set to about 3mm by the average die length (lp) of 
the common passage 4 seen from each ejector. 

[0085] Generally, the fluid resistance (acoustic resistance) of the duct whose cross section is a rectangle is 
computable using a degree type (for ink viscosity [Pa-s] and S, the duct cross section [m2] and z are [ eta ] the 
aspect ratio of a duct cross section). 
[Equation 4] 

i|^{033+1.02(z + -)} / 
5*2 v z (1 O) 

therefore, passage resistance of the common passage 4 -- the [ 1.9x1011 Ns/m5 and ] - passage resistance of 2 
common passage 2.9x109 Ns/m5 - becoming (eta=3 mPa-s) -- it becomes. In addition, although the 2nd 
community passage was divided into two and the ink feed hopper 17 is formed in each in the ink jet recording head 
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of this example of an operation gestalt, this is for making small the die length (lp') of the 2nd community passage, 
and reducing passage resistance. 

[0086] Moreover, ink duct 18a and ink duct 18b are tubes-like, and the bore is set as 2mm. As for die length, 3mm 
and ink duct 18b are set as 20mm for ink duct 18a. The fluid resistance of a circular cross-section duct is calculable 
from a degree type (d is a diameter of a duct [m] and I is duct die length [m]). 
[Equation 5] 

r " nd* (11) 

Passage resistance of the ink ducts 1 8a and 1 8b serves as 2.3x1 07 Ns/m5 and 1 .5x1 08 Ns/m5 from an upper type, 
respectively. A filter 19 is a metal mesh which has about 10-micrometer micropore, and passage resistance was 
called for with 1.0x109 Ns/m5 from the observation result. The passage cross section is greatly set up so that it may 
become small [ passage resistance ] very much [ the ink tank 20 ], and passage resistance is 2.0x108 Ns/m5. 
[0087] Here, the knowledge which this invention person clarified about the upper limit of the fluid resistance of an ink 
supply system is explained. Drawing 15 shows the equal circuit of two or more ejectors 10 connected to the same 
common passage 4. When this invention person conducted the equal circuit analysis using the circuit model shown 
in drawing 15 , and an actual expulsion-of-an-ink-droplet experiment, consequently the high frequency continuation 
regurgitation was performed by many ejectors, pressure drawdown occurred in the common passage 4, and he 
found out becoming the cause by which this decreases the refill rate tr of each ejector 10. Hereafter, the contents are 
explained in detail. 

[0088] When the continuation regurgitation of the ink droplet 8 is carried out from a nozzle 2, if it sees 
macroscopically, semi- stationary-flow will have arisen from the ink tank 20 toward the nozzle 2. That is, ink is 
supplied to an ejector 10 in semi- stationary through the common passage 4. When it is considered that such semi- 
stationary-flow is a perfect steady flow, an equal circuit can be simplified like drawing 15 . 
[0089] The fluid resistance of the whole ink supply system including from the ink tank 20 to the common passage 4 
poses a problem here. It is expressed with deltaP=r-Q, when the differential pressure of the inlet port of a duct and 
an outlet sets fluid resistance to r and sets a flow rate to Q (Hagen Poiseuille's principle). Although the ink of a big 
flow rate flows in an ink supply system when the ink consumption (ink discharge) by the ejector is large, when the 
fluid resistance r of an ink supply system is large in this case, big differential pressure will occur between the ink tank 
20 and the common passage 4. That is, if the RF coincidence regurgitation of the ink droplet 8 with the big drop 
volume is carried out from many nozzles 2, the pressure in the common passage 4 will decline. 
[0090] Here, considering the above-mentioned refill actuation, ink is led into the pressure generating room 1 from the 
common passage 4 with the pressure generated with the surface tension of a meniscus 9 at the time of refill 
actuation. That is, with the pressure produced in the surface tension of a meniscus 9, if big differential pressure does 
not occur between the nozzle 2-common passage 4, a quick refill cannot be performed. However, if pressure 
drawdown occurs in the common passage 4 by the coincidence and the continuation regurgitation of each ejector 10, 
the differential pressure between a nozzle 2 and the common passage 4 will decrease, and a refill rate will fall. 
[0091] Drawing 16 is a graph which shows the result of having investigated experimentally the pressure variation 
(deltaPp) of common passage, and the relation of refill time amount (tr) using the ink jet recording head of this 
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example of an operation gestalt. If the pressure drawdown in the common passage 4 is 800Pa or less, when refill 
time amount is set to 800Pa or more to being almost fixed, it turns out that refill time amount increases rapidly. 
Although such relation between delta Pp and tr changed with the surface tension of ink, the diameters of a nozzle, 
etc. somewhat, when keeping the pressure drawdown in common passage at 800Pa or less with the common ink jet 
recording device (surface tension 20 - 40 mN/m, 15-40 micrometers of diameters of a nozzle) as a result of much 
analyses and experiment evaluation, it became clear that it became possible to control the fall of a refill rate. 
[0092] What is necessary is just to add the pressure drawdown generated in each part in an ink supply system, in 
order to ask for the magnitude of the pressure drawdown in the common passage 4. In the ink jet recording head of 
this example of an operation gestalt, in the number N of nozzles, when the continuation regurgitation of the ink 
droplet of 260 and drop volume 20pl is carried out from all the ejectors 10 on the regurgitation frequency of 15kHz, 
the total flow of ink is set to 7.8x1 0-8m3/s. The amount of pressure drawdowns which generates the amount of 
pressure drawdowns which generates the amount of pressure drawdowns in which passage resistance of the ink 
tank 20 generates passage resistance of 3.0x108 Ns/m5 and ink duct 18a by the ink tank 20 since 2.3x107 Ns/m5 
and passage resistance of a filter 19 are 1.0x109 Ns/m5 in 23.4Pa and ink duct 18a with 1.8Pa and a filter 19 is set 
to78Pa. 

[0093] On the other hand, since ink duct 18b has branched to two, the flow rate in ink duct 18b is set to 3.9x1 0-8m3/s. 
Since passage resistance of ink duct 18b is 1.5x108 Ns/m5, the amount of pressure drawdowns generated in ink 
duct 18b is set to 5.9Pa. In the two 2nd community passage 16, since a flow rate is 2.9x109 Ns/m5, as for the 
amount of pressure drawdowns, the 3.9x1 0-8m3/s and passage resistance r becomes 113Pa, respectively. Since 13 
common passage 4 is connected to each 2nd community passage 16, the ink flow rate in each common passage 4 is 
set to 0.3x1 0-8m3/s. Since the passage resistance r of the common passage 4 is 1.9x1011 Ns/m5, the amount of 
pressure drawdowns is set to 570Pa. Therefore, by the ink jet recording head of this example of an operation gestalt, 
the pressure drawdown generated between the ink tank 20 and the common passage 4 when the continuation 
regurgitation of the ink droplet of drop volume 20pl is carried out from all ejectors on the regurgitation frequency of 
15kHz adds all the amounts of pressure drawdowns computed in the top, and is set to 792Pa. 
[0094] As mentioned above, in the ink jet recording head of this example of an operation gestalt, since passage 
resistance of an ink supply system is set up small, even if it carries out the continuation regurgitation of the ink 
droplet of drop volume 20pl from all ejectors by 15kHz, the pressure drawdown in common passage can be 
suppressed to 800Pa or less. Therefore, the increment in refill time amount resulting from the pressure drawdown in 
common passage can be prevented, and the stable RF continuation regurgitation can be performed. 
[0095] In the ink jet recording head of this example of an operation gestalt, drawing 17 changes a regurgitation 
frequency and the regurgitation ink droplet volume, and shows the result of having investigated the stability of the 
regurgitation. The drop speed of the ink droplet 8 breathed out estimated the stability of the regurgitation. As shown 
in a graph, when ink droplet volume was 20pl(s), the regurgitation stabilized by (A) and about 16kHz was able to be 
realized. Moreover, also when the drop volume was increased to 30pl(s), it was confirmed that the stable 
regurgitation is possible for (B) and about 10kHz. 

[0096] As a candidate for a comparison, the broken line (A 1 ) of drawing 17 shows the regurgitation experimental 
result at the time of changing the height of the common passage 4 into 80 micrometers. In this case, since passage 
resistance of the common passage 4 serves as 5.9x1 01 1 Ns/m5, if the continuation regurgitation of the ink droplet 8 
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of drop volume 20pl is carried out from all the ejectors 10 by 15kHz, the pressure drawdown in the common passage 
4 will increase to about 2000Pa. In this case, the conditions of setting pressure drawdown in common passage to 
800Pa or less cannot be fulfilled. Therefore, also in the experimental result, drop speed became unstable on the 
regurgitation frequency of 6kHz or more, and it was checked that the drop regurgitation destabilizes. When 
stroboscope observation of the discharge condition of an ink droplet 8 was carried out, it would have been in a 
discharge condition by which the drop of a major diameter and the drop of a minor diameter are breathed out by 
turns. Moreover, when the drop volume was increased to 30pl(s), destabilization of the drop regurgitation was 
similarly observed on (B') and the regurgitation frequency of 4kHz or more. However, also in this head, at the time of 
a low frequency drive, since the regurgitation stabilized with all the nozzles 2 is realizable, it can be said that the 
acoustic capacitance of the common passage 4 is enough. 

[0097] It was checked by being unable to realize the RF regurgitation stabilized only by setting up the acoustic 
capacitance of the common passage 4 greatly, but setting up passage resistance of an ink supply system suitably by 
the above comparative experiments, corresponding to the regurgitation drop volume, the number of nozzles, and the 
highest regurgitation frequency that the continuation regurgitation of all the nozzle coincidence stabilized for the first 
time is realizable. 

[0098] Although calculation of passage resistance and the amount of pressure drawdowns was performed in 
explanation of this example of an operation gestalt using average die-length Ip' of the average die length Ip of the 
common passage 4, and the 2nd community passage 16, in order to ask for the pressure drawdown in common 
passage strictly, it is desirable to calculate using an equal circuit like drawing 15 . 

[0099] Although the 2nd community passage 16 is divided up and down in this example of an operation gestalt, this 
is for decreasing the necessary width of face of the 2nd community passage 16. That is, if the 2nd community 
passage 16 is halved, in order that die-length Ip' of the 2nd community passage 16 may decrease, even if it sets up 
small the width of face of the 2nd community passage 16, it is hard to increase fluid resistance. For example, like the 
example of the 1st operation gestalt, when the 2nd community passage 16 is formed as one passage, die-length Ip' 
of the 2nd community passage 16 is set to about 7mm. the [ therefore, ] - in order to make fluid resistance of the 2 
common passage 16 into this example of an operation gestalt, and an EQC (2.9x109 Ns/m5) -- the - necessary [ to 
expand the width of face of the 2 common passage 16 to about 5.5mm ] (this example of an operation gestalt the 
width of face of the 2 common passage 16 2.5mm). That is, if the 2nd community passage 16 is divided into plurality 
like this example of an operation gestalt, since Ip' can be decreased, it becomes possible to reduce sharply the 
necessary width of face of the 2nd community passage 16. 

[0100] It is very important to make small the head full one of an ink jet recording head, when raising a print speed. 
That is, if full [ of a head ] is small, since mileage of the head at the time of printing can be shortened, the time 
amount which a head scan takes is shortened and it becomes possible to reduce a print speed as a result. Moreover, 
if it can make a head full one small, since the tooth space which right and left of a record form take can be made 
small, the effectiveness that the size of an ink jet recording device can also decrease can also be acquired. 
[0101] Moreover, it becomes advantageous to improving the conveyance precision of the record media (record form 
etc.) in an ink jet recording device like this example of an operation gestalt to arrange the 2nd community passage 
beside an ejector group. That is, in an ink jet recording device, although a record medium is held and conveyed with 
the roller installed before and after the head, if the overall length (LH) of a head is large, the conveyance precision of 
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a record medium will tend to get worse by the deflection of the record medium between rollers etc. Therefore, it is 
important for head die-length LH to hold down to minimum, and its head structure which has arranged the branch of 
the common passage 4 from such a viewpoint almost in parallel to a main scanning direction like this example of an 
operation gestalt, and has arranged the main stream of the common passage 4 beside an ejector group is more 
desirable. 

[0102] Example drawing 18 of the 4th operation gestalt shows typically the passage arrangement in the example of 
the 4th operation gestalt of this invention. The ejector structure of this example of an operation gestalt is the same as 
that of the example of the 3rd operation gestalt except for arrangement of the common passage 4 and the 2nd 
community passage 16. The common passage 4 is arranged almost perpendicularly to the main scanning direction of 
a head, and the 2nd community passage 16 has the description in the point arranged so that it may become almost 
parallel to a main scanning direction. In arrangement of such common passage 4, since the 2nd community passage 
16 is not arranged beside an ejector group, the head width of face of a main scanning direction can be set up small, 
and it becomes possible to realize an ink jet recording head still more advantageous to reduction of high-speed 
record and equipment size. It explains in full detail below. 

[0103] The ink jet recording head of this example of an operation gestalt is connected to the 2nd community passage 
16 which has arranged the common passage 4 so that it may become almost perpendicular to a main scanning 
direction, and has arranged such common passage 4 so that it may become almost parallel to a main scanning 
direction as shown in drawing 18 . The common passage 4 is divided up and down bordering on the center of a head, 
and the common passage 4 of a lower half is connected to the 2nd community passage 16 arranged at the lower part 
in the 2nd community passage 16 where the common passage 4 of an upper half has been arranged in the upper 
part, respectively. 

[0104] The structure which divided the common passage 4 into plurality is advantageous to making the necessary 
cross section of common passage small. As mentioned above, in order to realize the stable multi-nozzle coincidence 
RF regurgitation, it is necessary to set up passage resistance of an ink supply system small, and to also set up 
passage resistance of the common passage 4 small for that purpose. However, when the overall length of the 
common passage 4 is long, unless it sets up the cross section of the common passage 4 very greatly, passage 
resistance cannot be set up small. If common passage is halved up and down as shown in drawing 18 , the overall 
length (Ip) of common passage can be shortened, and passage resistance can be made small even if the cross 
section of the common passage 4 is narrow. 

[0105] The ejector 10 is connected to each common passage 4, respectively, and two-dimensional array of the 
ejector is carried out. The ink feed hopper 17 is arranged in the center section of the 2nd community passage 16, 
and ink is supplied from an ink tank (not shown) through this ink feed hopper. 

[0106] As mentioned above, in the ink jet recording head of this example of an operation gestalt, since the ejector 
group arranges the 2nd community passage up and down, compared with the ink jet recording head of the 1st - the 
example of the 3rd operation gestalt, the head width of face of a main scanning direction has been set up small. In 
this example of an operation gestalt, since the nozzle pitch Pc was set as 600 micrometers, the head width of face of 
a main scanning direction was set to about 6mm. Since the head width of face in the 1st - the example of the 3rd 
operation gestalt was 8-1 0mm, it has decreased head width of face by 2-4mm in this example of an operation gestalt. 
[0107] Since two or more ink jet recording heads arrange and are arranged in an actual ink jet recording apparatus, it 
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is possible to decrease still more greatly as width of face of the whole head. For example, when the head of four 
****** is arranged in four colors of yellow, a Magenta, cyanogen, and black, it becomes possible from the 1st - the 
example of the 3rd operation gestalt to decrease full [ of a head ] by about 8-1 6mm. Thus, since the ink jet recording 
head of this example of an operation gestalt can make a head full ones small, it becomes very advantageous to the 
improvement in a print speed, and reduction of equipment size. 

[0108] Example drawing 19 of the 5th operation gestalt shows the example of an operation gestalt of the ink jet 
recording device of this invention. The ink jet recording apparatus of this example of an operation gestalt is 
constituted including the vertical-scanning device 35 for conveying the horizontal-scanning device 33 for scanning 
the carriage 31 and carriage 31 which carry an ink jet recording head to a main scanning direction, and the record 
form 34 as a record medium in the direction of vertical scanning. 

[0109] An ink jet recording head is carried on carriage 31 so that a nozzle side may counter with the record form 34, 
and it records to the fixed band field 38 by carrying out the regurgitation of the ink droplet 8 to the record form 34, 
being conveyed in a main scanning direction. Subsequently, the next band field is recorded, conveying the record 
form 34 in the direction of vertical scanning, and conveying carriage 31 to a main scanning direction again. By 
repeating such actuation two or more times, image recording can be performed over the whole surface of the record 
form 34. 

[01 10] Image recording was performed using the ink jet recording device of this example of an operation gestalt, and 
evaluation of a recording rate and image quality was actually performed. The thing of the head structure stated in the 
above-mentioned example of the 3rd operation gestalt was used for the ink jet recording head. The nozzle pitch Pc is 
500 micrometers and the number of nozzles per two is 3.3 pieces 1mm. Full color image recording was performed by 
making it correspond to four colors of yellow, a Magenta, cyanogen, and black, arranging the matrix-like array head 
which has 260 ejectors per color side by side on carriage 31, and piling up the dot of four colors on the record form 
34. 

[0111] As a result of printing the image of A4 size (210mmx297mm) on conditions with drop volume 20pl, a record 
resolution 600dpi, and a regurgitation frequency of 18kHz, printing could be completed in about 5 seconds and it was 
proved that a very high recording rate was realizable. Moreover, since the regurgitation destabilization phenomenon 
at the time of an acoustical cross talk or the multi-nozzle coincidence regurgitation was controlled, very high drawing 
quality was able to be acquired in the output image. 

[0112] As an example of a comparison, the same image output experiment was conducted using the head 
conventionally which has the common straight-line-like passage 4. In this case, as for the number of nozzles which 
needs to set the nozzle pitch Pc as 850 micrometers in order to secure sufficient acoustic capacitance for the 
common passage 4, consequently can be arranged in the same head area, 150 pieces became an upper limit (the 
number of nozzles per two is 2.0 pieces 1mm). Therefore, the time amount for about 9 seconds was taken to record 
the image of A4 size (210mmx297mm), and the recording rate was about 1/2 compared with the ink jet recording 
device of this example of an operation gestalt. 

[0113] As another example of a comparison, the same image output experiment was conducted using the ink jet 
recording head which has the common straight-line-like passage 4 and which set the nozzle pitch Pc as 500 
micrometers conventionally as well as [ in head structure ] this example of an operation gestalt. In this case, although 
the number of nozzles of the same 260 piece / color as this example of an operation gestalt was securable, since the 
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width of face of the common passage 4 is as small as 150 micrometers, the acoustic capacitance cp of the common 
passage 4 does not fulfill the conditions of a formula (5) and a formula (7). As a result of printing the image of A4 size 
(210mmx297mm) on conditions with drop volume 20pl, a record resolution 600dpi, and a regurgitation frequency of 
18kHz, printing was able to be completed in about 5 seconds, but the discharge condition of an ink droplet 8 was 
very unstable, and since many non-regurgitation nozzles had occurred during an image output, the quality of an 
output image was very bad. That is, when the array consistency of a nozzle 2 was made to increase by force with 
head structure conventionally, it was proved that it became impossible to perform stable expulsion of an ink droplet. 
[0114] As mentioned above, in the ink jet recording device of this example of an operation gestalt, since it is narrow 
and common passage is made into the configuration, a nozzle configuration consistency (the number of nozzles per 
unit area) can be increased with the stable regurgitation stability maintained, and a recording rate can be sharply 
increased compared with the conventional ink jet recording device. 

[0115] In addition, although considered as the gestalt which records while conveying a head with carriage in this 
example of an operation gestalt, it is also possible to apply this invention to another equipment gestalt, such as to 
record fixing a head and conveying only a record medium using the Rhine mold head which has arranged the nozzle 
covering full [ of a record medium ]. 

[0116] As mentioned above, although the example of an operation gestalt of this invention was explained, the 
above-mentioned example of an operation gestalt shows the gestalt of the suitable operation for this invention, and 
this invention is not limited to these. That is, without deviating from the main point of this invention, other gestalten 
which added various deformation, amelioration, correction, simplification, etc. to the gestalt of the above-mentioned 
implementation can be applied, and this invention can be carried out. 

[0117] For example, in the above-mentioned example of an operation gestalt, although the electrostrictive actuator 
was used as a pressure generating means, the electric machine sensing element using electrostatic force or 
magnetism, the electric thermal-conversion component for generating a pressure using bubbling, etc. may use other 
pressure generating means. Moreover, it does not matter even if it uses the actuator of another gestalten, such as a 
longitudinal-oscillation type laminating mold electrostrictive actuator, other than the electrostrictive actuator of the 
veneer mold used in this example of an operation gestalt also as an electrostrictive actuator. 
[0118] Moreover, in the above-mentioned example of an operation gestalt, although passage is formed by the 
laminating of two or more plates, the configuration of a plate, the quality of the material, etc. are not necessarily 
limited to the above-mentioned example of an operation gestalt. For example, although the nozzle plate or the supply 
way plate was used as an air damper of common passage in the above-mentioned example of an operation gestalt, 
the thing for which this invention is applied also to the head of another plate configuration, such as inserting the plate 
of the dedication which constitutes an air damper, is possible. Moreover, this invention is applicable similarly to a 
head which really cast passage using ingredients, such as ceramics, glass, resin, and silicon. 
[0119] Moreover, even if other configurations, such as a configuration where it is not necessarily limited to the 
configuration which has the vena contracta (level difference) in the both-sides wall of common passage like drawing 
5 , and the vena contracta was prepared only in one side of common passage like drawing 20 , are used for the 
configuration of common passage, it can acquire the same effectiveness. 

[0120] Moreover, a common passage configuration can also be considered as the configuration shown in drawing 21 
(a), (b), and (c) instead of drawing 14 . Drawing 21 (a) is the example which prepared the ink feed hopper in the both 
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ends of the 2nd community passage, without dividing the 2nd community passage up and down. Also in this case, 
the die length Ip of the 2nd community passage becomes the same as that of drawing 14 , Moreover, with the 
passage configuration of drawing 21 (a), since ink is supplied to the 2nd community passage from a 2-way, even if 
passage plugging occurs in a part of 2nd community passage with dust etc., it is effective in the ability to prevent 
generating of the poor regurgitation. 

[0121] Moreover, drawing 21 (b) is the example which prepared the ink feed hopper in the center section of the 2nd 
community passage. Also in this case, die-length Ip' of the 2nd community passage becomes the same as that of 
drawing 14 . Moreover, with this structure, since an ink feed hopper becomes one place, the structure of an ink 
supply system can be simplified and it becomes advantageous to reduction of head cost etc. Moreover, drawing 21 
(c) is the example which connected common passage with the both sides of the 2nd community passage. In this 
case, since the die length of common passage can be made into one half, the effectiveness that the necessary cross 
section of common passage can be reduced is acquired. In addition, the suitable example of an operation gestalt of 
this invention is shown, and the common passage configuration shown in drawing 21 can also be considered as the 
common passage configuration of those other than this. 

[0122] Moreover, a common passage configuration can also be considered as the configuration shown in drawing 22 
(a), (b), and (c) instead of drawing 18 . Drawing 22 (a) is the example which connected the both ends of the common 
passage 4 to the 2nd community passage 16, without dividing the common passage 4 up and down. In this case, 
since ink is supplied to the common passage 4 from a 2-way, even if passage plugging occurs in a part of common 
passage with dust etc., it is effective in the ability to prevent generating of the poor regurgitation. 
[0123] Moreover, drawing 22 (b) is the example which formed two ink feed hoppers 17 in each of the 2nd community 
passage 16 arranged up and down. In this case, since die-length Ip' of the 2nd community passage can be 
decreased, the necessary width of face of the 2nd community passage can be reduced, and the effectiveness that 
the head overall length of the direction of vertical scanning can be decreased is acquired. Contraction of a head 
overall length becomes advantageous, when realizing stable form conveyance, as mentioned above. 
[0124] Moreover, drawing 22 (c) is the example which halved the common passage 4 and the 2nd community 
passage 16 currently halved up and down, respectively, in this case, drawing 22 (b) - the same - the - the 
effectiveness that the necessary width of face of 2 common passage can be reduced, and the head overall length of 
the direction of vertical scanning can be decreased - the [ common passage and ] - generating of the stagnation 
point (late part of the rate of flow) of the ink in 2 common passage it can protect - the [ common passage and ] - it 
becomes advantageous, when controlling a cellular residual in 2 common passage. In addition, the suitable example 
of an operation gestalt of this invention is shown, and the common passage configuration shown in drawing 22 can 
also be considered as the common passage configuration of those other than this. 

[0125] Moreover, although the configuration of a pressure generating room was used as the square in the 
above-mentioned example of an operation gestalt, it is also possible to use the pressure generating room of other 
configurations, such as a round shape and a hexagon. Furthermore, although arrangement of a nozzle was mostly 
considered as the grid-like array in the above-mentioned example of an operation gestalt, when a nozzle 
configuration is not necessarily mostly limited to a grid-like thing and the other two-dimensional array approaches are 
used, it is possible to apply this invention. 

[0126] Moreover, although the ink jet recording head and ink jet recording apparatus which breathe out coloring ink in 
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the record paper and record an alphabetic character, an image, etc. on it were taken for the example in the 
above-mentioned example of an operation gestalt, the ink jet record in this specification is limited to neither the 
alphabetic character in the record paper, nor record of an image. That is, the liquid which a record medium is not 
necessarily limited to paper, and carries out the regurgitation is not necessarily limited to coloring ink, either For 
example, the thing for which this invention is used to the general drop fuel injection equipment used industrially, such 
as breathing out coloring ink, producing the color filter for a display, or breathing out the pewter of a melting condition 
on a substrate and forming the bump for component mounting on a high polymer film or glass, is also possible. 
[0127] 

[Effect of the Invention] As explained above, according to this invention, a matrix array head with a high nozzle 
configuration consistency can be realized, and the very high ink jet recording head and ink jet recording device of a 
recording rate can be realized. 

[0128] Moreover, according to this invention, the acoustical cross talk through common passage and the 
regurgitation destabilization phenomenon generated at the time of the multi-nozzle coincidence regurgitation can be 
prevented, and it becomes possible to realize an ink jet recording head and an ink jet recording device excellent in 
the homogeneity of a regurgitation property, and stability. 

[0129] Furthermore, according to this invention, a cellular residual in common passage can be prevented and it 
becomes possible to realize a reliable matrix array head and an ink jet recording device. 
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[Brief Description of the Drawings] 

[Drawing 11 It is the sectional view of the ink jet recording head of the example of the 1 st operation gestalt. 
[Drawing 21 It is the perspective view showing the plate configuration of the ink jet recording head of the example of 
the 1st operation gestalt concerning this invention. 

[Drawing 31 It is a mimetic diagram for explaining the ejector array of a matrix array head. 

[Drawing 41 It is the graph which shows the driver voltage wave used in the expulsion-of-an-ink-droplet experiment. 

[Drawing 51 It is the mimetic diagram showing the flat-surface configuration of an ink jet recording head. 

[Drawing 61 It is the circuit diagram showing the equivalence electrical circuit used for the analysis of an acoustical 

cross talk. 

[Drawing 71 It is the graph which shows the relation between the acoustic capacitance of common passage, and the 
incidence rate of an acoustical cross talk. 

[Drawing 81 It is drawing showing the equivalence electrical circuit used for the analysis of refill time amount. 
[Drawing 91 It is the graph which shows the relation between the acoustic capacitance of common passage, and refill 
time amount. 

[Drawing 101 It is the perspective view showing the plate configuration of the ink jet recording head of the example of 
the 2nd operation gestalt concerning this invention. 
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[Drawing 111 It is the sectional view of the ink jet recording head of the example of the 2nd operation gestalt. 
[Drawing 121 It is drawing showing the flat-surface configuration of the ink jet recording head of the example of the 
2nd operation gestalt. 

[Drawing 131 It is drawing showing common passage arrangement of the ink jet recording head of the example of the 
3rd operation gestalt concerning this invention. 

[Drawing 141 It is drawing showing the configuration of the ink supply system in the example of the 3rd operation 
gestalt. 

[Drawing 151 It is drawing showing the equivalence electrical circuit used for the analysis of the passage internal 
pressure change at the time of the multi-nozzle continuation regurgitation. 

[Drawing 161 It is the graph which shows common passage internal pressure and the relation of refill time amount. 
[Drawing 171 It is the graph which shows the regurgitation property of the ink jet recording head of the example of the 
3rd operation gestalt. 

[Drawing 181 It is drawing showing common passage arrangement of the ink jet recording head of the example of the 
4th operation gestalt concerning this invention. 

[Drawing 191 It is drawing showing the example of 1 operation gestalt of the ink jet recording device concerning this 
invention. 

[Drawing 201 It is drawing showing the flat-surface configuration of the ink jet recording head of the example of the 
1st operation gestalt. 

[Drawing 211 It is drawing showing the configuration of the ink supply system in the example of the 3rd operation 
gestalt. 

[Drawing 221 It is drawing showing common passage arrangement of the ink jet recording head of the example of the 
4th operation gestalt. 

[Drawing 231 It is the sectional view showing the basic structure of the conventional ink jet recording head. 

[Drawing 241 It is a mimetic diagram for explaining a motion of the meniscus at the time of expulsion of an ink droplet. 

[Drawing 251 It is the graph which shows location change of the meniscus at the time of a refill. 

[Drawing 261 It is drawing showing the basic structure of a multi-nozzle mold ink jet recording head. 

[Drawing 271 It is drawing showing the basic structure of the ink jet recording head of a matrix array type. 

[Drawing 281 It is drawing showing the basic structure of the conventional matrix array head. 

[Drawing 291 It is drawing showing the equivalence electrical circuit of a matrix array head. 

[Drawing 301 It is the graph which shows the regurgitation property of the conventional matrix array head. 

[Description of Notations] 

1: Pressure generating room 

2: Nozzle 

3: Fate path 

4: Common passage 

5: Ink supply way 

6: Diaphragm 

7: Electrostrictive actuator 

8: Ink droplet 
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9: Meniscus 

10: Ejector 

11: Nozzle plate 

12: Common passage plate 

13: Supply way plate 

14: Fate path plate 

14': Plate 

15: Pressure generating room plate 

16: The 2nd community passage 

17: Ink supply way 

18a, 18b: Ink duct 

19: Filter 

20: Ink tank 

21: Ink supply system 

22: Crevice 

23 24: Passage 

25: Passage plate 

26: Air damper 

28: R section 

31: Carriage 

33: Horizontal-scanning device 

34: Record form 

35: Vertical-scanning device 

38: Band field 

4041: Septum 
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§o ^y^->i7hE^7FU /X^yb-hl 
K «ffi«tS§Xl^-h 1 2, ffi|gS§yU-b 1 3, Efc 

i:(cj;0, 7\s-<mc&\-Zt\rcM®i.<DJ~yj.?5i 1 0 
i:, <<y9Vffl&\ 7ttftLTJyttfmzt\%%2 

x -y MB^-y FT'«, «fflMS§4 tKtl^m 1 
^ffiWtca^Si^fcBBSU, «ai5?tS§4AKU : tifl5« 

l»<*o 

[0 0 4 5] 0 2(c^fJ:dft, ttS}«tSS4ti, 'N-yF 
Oi^a^- |tg t « ir^lf i: a § «fc 3 tcBBH 5 PJittt 
fcftS J: 3 tBBH 5 ftfcS 2 ttfflj^SS 1 

6tmmLT^%o ^2«a^ssi 6«, -fy^mma 
i 7£fl-LT-ry*2y* tiiaLTfc 
^> ft«aiSit»4»c-ry^*«K&-rss8ij*-r*o #m 

j^jTiis S 2 ±tarfiS§ 1 6 tc 2 6 #©±t)l?ftSg 4 



t 



(7) 



#H 2 0 0 3 - 1 27363 



E» t fe C J XlVWfi 2 6 0 fflCM' > * 5/ x v h 

[00 4 6] H3{±, *3ttBette>Jte*t7*-f^x** 
1 0OWWffi*«S«lc*LTl#^*. lRHa(a)(CTsf 
<fc3fc, H-#>I«E!S4fc:SiaLfc'f'5>x** l oti, 
*ft«xMi6*75ffi]K:Pc (=P c /n ; nttB-«a 

x*2 1 0fr&^V£®8£tttH-f SCi^.fc'K tf-y 
fP c OK7 hJU^rilSn*. IQH (b) tt, 

OO/i n, 'Vy K©j&Sififi* 1 m/ s ICfS&LT^ 
So lot, ^J<Dttttl^f'5>y%6 0 0/i s-TBL 
TtttU^^rSCi:^ NH (b) OJ; a K±£S/j|6Hc 

WLTIBlUfflllJcF-y h*J»#*-&*i:i:^-ptSo c 
<D<k?fc, tf-yf-P G <D/h£& F-y h^J^r— lelcO^N-y F 
^ajCtoT^T'tSut^ V h U ^XlBTyvy F 

[0 0 4 7] *HSfiJg|B0!lT{i, /XVI/ TV- Hit 
ffJ2 5 /i m4>#>M3 F7f ;l/A£ffl^ (E d =2. 
OGPa, v d =0. 4) , X+S/VU— tfJolCio 
T, MPl2 5(imO/X;l/2WLft. ftiW*J: 
^<D/X;l/7'U-F{±^aMKOX7^>^2 6 
£:LTk$t£-f3o 0tt&K7V-h 1 3tCfi, H££7 5 
(imOXrVl/7fi*l^, 7 P UXtCj;oTF ? flPtl2 6 
jim©-rydr«ttftB5*JI5*bfc.- #>I«tS§7V-h 1 
2&tfEft?S£g7V-H 1 5 KM:, J¥£ 1 2 0/tmCD 

xfyux»)lv\ 7x7 hxy^-yycioTaHES 

[0 0 4 8] B.tlft%M 1 t±, -22<DS£tf 4 00/1 
nu 7X-^hJ± (JKWJt) lOHft^fcU E^)5g 

RM^Lft. «il)55tSS4{i, laitc^-Tidt, 

§ 0 ¥iBWfc:Sfc»)£di:tt, 'vy KQj&fcBSIM 

t*f5o ttaMtSS4^E^fS4Sl tfi 

40^3J:3lLElt5i:, «SI?JitS8 4 fcflyj»£g 1 

tc#ilits§4 l i:%«j*W»cEB-e*Sfc 

J6, 'Vy b'V»mit Mis ±5 2 1 0(DiSe^SB?lJ) 
£*Jfc*5. tgft«6tti, J»£ 1 O/tmOX'r^bX 

[00 4 9] B4tt* E'17^^xX-^7(cEP*DLfc 



(#E) 7n-feX5 1 t, 0]*P«E*7iO/W7X*E 
(V b ) fcB5tfci&<D£2«ES?fc (BE) 7n-t:X5 
2tcj:0*l«*nT^S o ^M^JO-i-y^^x-y 
htfl^-y FT'li, V,£3 0 V t|SSLfcfSt»f*iW 

2 o p i co-o^ri^tttB-rsctAWPfeofco s 

J*/X*/l/^B$©iJ7-r/bB$|H ( t r ) It 3 5 p s 

[0050] m 5 «, -r >>x * ? i o 0G$u*ti&ftic 

^LT</>3„ B13t^ftr-y^-P c coyXVHiLS 
"fnti, «BSLT*LT^5. B5W\ 01OA-A& 

mmx&% B &mffi.&4<Dmte, #s«t!&4*t*A/p** 

|p)-r5yX;l/A-BF^T*S/h (W 2 ) 
4fc&oTRS**/X*;l/A-Clffl-PJS*: (W,) fcfc 

**** (w,) *mm%z. *2%%wm 
[0051] *nmtei&m<D'(>Wx v nsis^«y f 

Ttt, «31i3SSS 4 (W,) ^5 0 0/xm, 51)1 

SS3<Og (d T ) %1 5 0/xm, JiiliJS3 ^ttii}SS§4 
OP^cDPlil4 0OIIW,,* lOOftm, «)l«tSS4F^O 
US 4 1 <D*SW W2 £ 1 0 0 /iimfC^gUfco C<Dfci6, 

«a«£8S4J&»5A,T»»-r § y xvv 2 raoy x/i/ if -y ^ 

P c fi, 6 00/ira (=W,+W W2 ) fcfc»>. tt)MSttS§4 
<0»/Jn*@ (W 2 ) 14, 2 50/nn (=P c -d x -2 
W W1 ) i:^ofc 0 tt5ii«B4K:}»oT»«-r*/X;l/2 
ia<D/X;l/tf-y^P n (±6 0 0 umlcmfeLtCo 

[0 0 5 2] «iffi»tBS4 0±®ti, IfiOfiVV^T" 
U- M 1 Xmi&Zn, Z.<OWfo&X.T?V/<.2 6tL 
Tilfig-rSo CC^V^yi'y FSEil'vy FT(i, 10 
WJs.** 1 oafcO©«51«EK4 (x7^'y/^2 
6) Offglc,, (=c d ) \t, (1) (2) 
6, 8J8. 4xiO-'«mVNi:%5 0 

[0 0 5 3] CCT% «Ji«JgS4tc J &Si:*nSg»S 

'vy FtCO!/>T, 0 6t^1-|H]SS ; &-r;l/«:ffll/>^tf|Hl 

*<D*&%. «JiijSK4*^Lfc^»W^nxh-^©a 
ttilMSS 4 cD^SStt c p i:E7^IS4S 1 

c p >20c c (5) 

t&4*tyt) m tremor jit'&Zo 

[0 0 5 4] E*«fe38 l ©^-S?Sfi c c {±, E^IsS 
««:V C [tn3] , 4y^<m i m®?kK. [Pa] , 



(8) 



ftM 2 0 0 3 - 1 2 7 3 6 3 



c c =V c / U • K 2 ) (6) 

#il«EB4<&*#g*c p M\ a (l) StfS 
(2) KJ:oT#ibe>tl3o ftfe, t»§fic p li-r^ 

4 ZfotDgWnmff 1 x l 0" 17 m5/N TftbOs %(0# 

^SJf-^ c p liO. lxiO- ,7 m5/Ni:S5, -l"^ 
1 Otf^EHSttTi^ft^tl^KH:, BBBtfffi 

Etf-TSo *^Ji^fH^JT«, 600ft mCDtf'y^ (P 

n ) tm^7x**i o*^BBM$nT^5fei6, a 

(2) {Cfcl^TXT^V^Z 6©JS5* 1 d =6 0 0 ft 
[0 0 5 5] 07»\ c p /c c ^flt?^T^OXh- 

#<DS»v,i:, £W3>x** 1 OfcltWRttHS-SfclK 
<D?ffii§v 2 fre> (v 2 -v,) /v^tLXWmLko H7 
<K>*f ! y7frt), c p /c c <Dtf Ante ffoT^PX h-£f§ 
MW>L, c p >2 0c c OM*im ^nx 

* fc, o. i<c/c c < i oolEHrt-eti, 
*nxh-*0«£*tf#ljrfc*tr<ftofc. cnf±, 

0. l<c/c c <10(0*ftT* 

[0056] hrhc, ^mmmm^y^v^y he 

@K#W«£ i: JfflC «t < 5 Igjgtfft 6 ftfc. ft 

[0 0 5 7] Sfc, *SSW#l±, H8fC^l / /-cia» ; er 

*flr?fclS*, fflSO^i^^ l Ofr&WWMctttti* 
ft o fcJf-&£> 'J 7 * ;U$|ig t r l4. ^a^tss 4 <o^sm 
H c p i: / XiloyemmA c n (DJt*fctt# L, 
c p >10c n (7) 

mmozztZFLtiiLrco ftfc, 08 - 



li'^MO-l't-^yX ( = m 1 +m 2 +m 3 ) 
T*0, r e tt*S>x**£{*0*«8fi[ (=r,+ r 2 
+ r 3 ) ^LTl/^o 

[0 0 5 8] /X;i/0^»SSc „ti, /XjUBpS* 

d n [m] , JytmM&fjIko [N/m] , 
X<D3l£&&«£y [m] £T%£, %.&<D£?lcmt) 

[ft2] 

C " 6tof (8) 

t jA^ffl y {Cflc#T %t>\ C CTimmmt LT y *t d 

[ft3] 

C " " 48a ( 9 ) 

[00 5 9] H9tt, Cp/Cnfc'^-f/WSHtrOB 
<I£tl^fc$SJg£^L-T^I>o ft*»\ c, = 8. 5X1 
0-i9mVNT*fe5 o C©)iam^6. c p /c„^t< 
ft* i: t r #'hS < ft 0 , c p > 1 0 c 
tf'J^-fyi/^ffflOiil/aSK^cfc^-et, fro, -i^x 

* * bb<d 'j 7 -r >im?mzm <tnt immc ft * c t 

*^e>*HCftofc 0 Sfc, 4 <c p /c n < 1 OCDlBHrt 
•eti, u 7-c ;UB#p^£Dtiia^m{c^f < ft * c 

[0060] nm<Dotti\mmc iotc/c n ©H^* 

g-ifjfijn r p Ol|giP^i/J^^ < , mt<D4 y$ 'J j. -y H IB 
m^v KT(4, c c n * tc±t)i^ 4 ©«pte»£ 

•y K*Kf^Lfc«ail!b^W6^k:ftofco 
[0 0 6 1] ±a©J;9ti:, S^^i^itfflo^nxh 
&t/|eIB#iitllB#tcfctts 'J 7^;i/B#p^tiijn%a]fij 
■rsfcfefcfi. s (5) atfs (7) o^feft^ssfc-r^ 

S^fe S . #IMSg0ij<7K ^^i7h 12^ -v K T* 
M\ ^il^tSS4<D : giPgac p (= c d ) (±8. 4X10 
-i8 m 5/ N ^ /X/KDS»§Jic n {i7. 3X10"'9m 
5 /N (d n =2 5/im, o = 3 5mN/m) , E7tl58± 
gOgSSM c c (i 3 . 9X 1 0-2%VNTS5fc 
i6> Cpttc n ®8n 2flS, c c <D^)2 1 5fgT'feO^ ^ 
(5) Rt>"^ (7) 0*ft*«Kj(WS"P*TV^*. 

[0062] xnM&mmcD-iytyx-y htm^y f 
*, ttm«jaE»Rt/rai^ptaiw'^x^*»*gfk**ft 

^5., M%. RtfU7Y/MI*|IIIi r *«^fc«| 

^> «<*«Stfri3it±±2%, 'J7^;l/B#p^t r (i±2 



i 
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*ilWJO^>^>"i7 MESI'vy KT-te, /XV!/ 
k?-y^P c tf 6 0 0 Mmfc'hSWC&frfrtoef, 

[0 0 6 3] Jt«0>Ji:LTH2 8JC^tfe«tda:ltt« 
0#ffl«EK**trsra#'vy K#tjfifC*5^T, /X;l/t? 
•y P c £#||filJgl§0!l t m C 6 0 0 /i mfcfiJfc Lfc^ 

yKSKftu ftttowffifcffofco aui^a (d T ) 
&tfjSi(S3fc«a«tK4©HoBia« (w wl ) * 

HffimiPt[B]i;< ^n^n l 5 0 p m, l 0 0 p miC 
mfcLfcrc&b, ^ (3) <fct>, «ffl8KK«D(Sti 2 5 0 /t 

2. 3X1 0->'JmS/Nfc/J^ <, 3 (5) &t>*S 
(7) ©ftftfcSifc-TCfc #T£fc< 4 0, 

«^DXh-y*mU >f>*M 8 

± 1 0%W±O»f 6of ft^^Lfco 
[0 0 6 4] a»/X;l/%ra«fia:ttlLfcl»fc{4, 

V 7 4 /m® t r #lf to L, tttBI3«[»* 1 2 k H z tc 

XVI/ tf -y P c **$M«ftB0iJ4) <fc 9 fttt(cfi£ 

Tt4<49, ynx h- $^'J7*;M$I8 t r «iPft 

[0 06 5] fiMO «t d lc, M&tfcCiftiliffiSg 4 

Gif 5 fi. / XVI/ £ -y * P c tt±lE < gee-e^s 
«§4l/\, ±»OJt«0!lTtt, *£«««W0/X/l/e 
yf^6 0 0(i mTfc5<0lC#U ft#'vy KflJifiTt* 
7X;l/tf-yf-P c «r8 5 0 p mfcUKRELfctttttf, 

•y KMu ftfc'vy KfcJt^T/X;l/tf'y^P c %^4 2 

%<fi«-r s c £ # t? t , j xjim\®m*±mcMtb5 

[00 6 6] U±<D<t 5 *mMBt&m<D'(Vti?x. 
>y MBR'vy Kfi, /X;I/XU-h l l *Mtt©ffi^8t 

mm***. fro, Etii&mi * ? \c&m 

L1t#Mffl& 4 * < tf n«# i: tfc c 9 , /X;U 
lfv*-P c *6 0 0pmi:/Jv£<I8£U /X/l>ffig* 
2. 8ffl/imm2i:ni:i:mft. 2 
6 OM'D'fisxtZ 1 0*^fO-r>^^x<y ME^-y 
K£, 8mmx 1 6mmt^o'mmT*mm.-?%££tf 

[0 06 7] gS2%fl»Bfl8ffl] 

a i o i±. 2 mmm®* v * ~>*x -y h he 



i-yhiaiA.yFl $fc©£«5«te0Ji:fi, «*SS§X^ 
- H 3 fcEflfS^XU- h 1 5 i:<DP^tc3iasgXU 
-h 1 4frfcS;&, /X/l/Xb-h 1 l (cMttOffiv>& 

h 1 3tCHiJtt(75fgV^lil7^;l/A%{$ffl-r^^fc4o^T 
fflS-fi> 0 011 (a) 01 OOi'yyy'i-y MB 
S'vy hWv^iy^ 10O1 ffl#©»rffi*ii*LT^ 

5o *i»i»^-^x^^ i oa, 9t(Dmmmmm 
ajis§xu-h 1 4ic afflzzmmznx^Zo * 

UMW&mvM >yy*i7h 8B^^ >y h*{±, x 7 X v / < 
2 6©JP«%/hS<-r*<:i:^-p*, Mtc/X;l/e-y^ 

ttcct T'fxmwmmn <" 0 

[0 0 6 8] ^MmiWJd'O^^x-y hSB^'V K 
*Wf¥-TSfe*, /%>\s7°\s- h 1 1 fC/f^ 6 0 /i mCD 
Xf>UXM!,\ 7*UXftlIf!:«feoTMPg2 5 ft 
mOyX;l/2%Jg«Lfe. m$&SSXL/-h 1 3(C«, 
^12. 5 jtmDtfiMS K7>r;l/A (E,,= 2. 0G 
Pa, v d =0. 4) x+i/vU-^'jf/pXtCj; 

oT, MPS2 0/»m©'fy*WI&B5*J&8l,fco ^ 
<D«l&SSXU-h 1 3ti, fta-r?.J;dtC, «)§}5iiS§4 
OX7^/^2 6i:LT^tlT5= 4*5, «^SSXU- 
h 1 3©/P?«, 17^2 6lC*2%®m*ffiUt 
Zlttbtc. 3 0 it m&CFT'&5£ttfm$il,l\ 
[0 0 6 9] tta?55tSS7U-h 1 2, jgassxu-h 1 
4 , RlfJ±t}^m7\y- h 1 5 tcti, ff $ 1 2 0 (i m 
<OXr>UX«%fflt\ x>y^yXfcJ;oT^tS§/^- 

>*Bi&Lrco mt>&£.m 1 w, -iaog?*^ o o n 

XU-h 1 4{Cii, «318S8S4fcWf5Lfc:3|5^CM-7 
3-v=J-yy\Z.&-3TWmZ2*kWMLtZo C(DIH]g|52 2 
(±, «^SSXU-h 1 3i:J§aS§XU-h 1 4«iMl 

fciRt, w#oiat3Sjiaii5*}gja-rsfci6ot>oif, c 

(Dg|5^x7X>/^2 6 t Ltait5„ 
[0 0 7 0] 4*5, iijlS§Xlx-h 1 4(C[aa52 2 ^15 
tt-ft, 011 (b) <DJ:9tc, «I&SSXP-S 1 3 
t, SilSSXP- h 1 4 tcDfgtcgiJcDXP- M 4 ' * 

b, *^)Mim^J0J:o(c>'N-7x-y5 : -yX(cj;oT!H] 
g|52 2^JfMf Si:, 'N-y K*«lfiE-r5XU-H0»% 

01 i wiBSLr^iai/^ iagP2 ziam^it 
o, c£iffl52 2tu«j:-3Tfl5ia«nsa}Hrt©a«ttisrk:n 
t 1 5 tmc mw&m&z; ^ mma 
[007 1] 0i 2{±, 0i i (D-d/* t z<Dmm&m 



I 
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&m 2 0 0 3 - 1 2 7 3 6 3 



,U (a) tiA-AWffi^ (b) tiB-B»rffi*/TxLT 

mm (a) ic*?&?ic #mms&4&s gnu 
iis§7°u-h 1 4K*rtLfciaaJ2 2 ©#««,, mm 

(b) ©B-BWffiBfc:jj*'*"«J:3fc, &il8K&4©}&K 

[0 0 7 2] ±8E©<fc'3fc» *^flg«fl|^JO^y^i/"x 
y H»*vy KTtt, #iMtS&4 ©)£B(iSJtt©<gtW« 
t&BTV-h 1 3T«?nTteD, co»»tfx7if 
y/<2 6i:LT*MFrS. C©fc&, AWftB^U-H 

So 

[ o o 7 3 ] ft i mmmmm<o «t 5 / xvi/x* u- h 
fiis^a&ofco cna, x7£>/w©i$'>«:yx;i/ 

2©g£©M / > ; £®#U /X>l2<D&2fiim<%5 

ctDfcn,, mimmmm(D'\vVffi'&T*i*. 20 

~5 0^mSS^x7^>/WOTffi-Cfe«. Sfc, If? 

1 ISWOAy HUBfiTtt, 17^/^2 6 AW 

icfWiLTi^*fc», yxn^/u-Fi io««w±, 

y 2 © 7 -f e > ^©ao&g t * if\ -v F 

[0074] ^sfi&m^j©^ K«ua-ptt, yxvi/2 

(i, X7^"WTfcS«*&IS7 , U-hJP*l 2. 5/i 
mfcR^Lfco S (2) ^6t>^*«fe3»C, i7^/< 

2 60W*SfltiJ|t*0 3fg»CSJ±tflJ-rSfei<>, X7^ 

fc, raue»s«*iis-r«x7^ 

>/<2 6©fi*ffi»S-£3c:i:tf-et3. a^M^IMN 
T-fi, tt3i!^tSS4©«^:iPiW 1 ^4 0 0 /x m, /X;l/tf 
yfP c t5 0 0(imil, £g 1 nffiBBM£ D fc^ft^* 
n«'>£-rcv*>t^ «a^tS§4 tetiSI l iHflfej&fitfiJJ; 
9fc**4g#ga (2. 2X1 0-"raVN) fffiHS 

[0 0 7 5] $fc v *&MBmm<D'f>ti/3L>y MESS 
'NvhU 01 2 5 fc, «3i«EK 4 IfnfflJ 
(CRg|52 8*W#U «ffiifi®4CD¥ffi»&m5>fr& 
9fl$fiELT^5o ilWi, aSttHMrtTO* 

$>5. #aiffiB4*<tfftJ&tti:L;fci§£, «lij55tS§4 

is i mtmmioz 5 ic, «®«ts§ 4 ©««£***« 



[0 0 7 6] «j§?jitS&4 rttSiiaWLTfe, MiStf 
>5itK4rtT'©M}SSett, ^^^17 MBSK-y F© 

«?a«e*i»±-r*jes!iSj!)^*o *c -c#£«B&s8tfij© 

-ry^v^x-y Ha*^v FTJi, #5§aftg&4©<tfngB 
R SB 2 8 *{<t#f * c 4: K * 9 , ±8EiS*ii©«£ 

[0 0 7 7] R«2 8Kfett4flspi|iS (R) ©fcfjlfB 

fA^acN-y K*ttffffF«ISUfc«*K:J:*fc, R^G 
/4fcR3£tS<:i:*^3i"P&S. llT', G\m\z 

^i/'x>y MB^-v FTHi, G= 1 2 5 /imt'fet), R 
*5 0 iimim%.Ltc 0 

[00 7 8] ±H2£>cfc 3 ft R.gtf 2 8 *^f# Ufc«ii^S§ 

0 0 mm H g ©K? IE* T / X)lfr W>^5MI 
5IUfc*T», «5ill«£»4rtO«ffi*M«8S«g!SL, 95® 

t> s i naBBasfw©-r>*^i v hbskw fico^ 

[0 0 7 9] *nm&f&m<D'fyirVxv bfSHt^v F 
*, tttB^^Rt>*[R)B#Rtai^> ? x^^^%^b$^ 

rt, , J7^;l/B#F E g(i± l . 5 /x sUrt©IEHK:iRSt), 

[0080] tx±© «fc ^ t, xmrnBrnrnv)* yt-y* 

U-h 1 3^, ttmffi3&4<D2.7?y;<£LTmm?Z 
CtiCk*), /X;l/tf-yf-P c ^5 0 0 ^m^MtC/h^ 
<^UTt, «ii»£Hi4»C+»*§WS«*«(Rt« 

ctfftt, ^.m^y^'y^y bmmtfT'Zrz,, s 

»aii5ltSS4©<D I ng|5^(cRg|52 8*^f*«:i: 

iCctD. «iii«B4rt©«}a^ttitt**ffi»ci^i±"r*ii 
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£ , 3. 311/ 1 mm*t%.r>tc 0 
CO 0 8 1] *S»^J-e(i«ffi^tS§4iDlM 

tt#Lfctf, #31^4 ©¥BS«tttfffi6frfctt*8fc «fc 
C0 0 8 2] l^gSMSIffil 

H 1 3 *?m<Dm 3 Igffi&iifflO&frttffi** LT 

IC^i^I 0, «»jfiS§4, $2«>»Sl 6, 
-Ofgt&l 8 a, 1 8 b, 1 9, Rl>V>^7 

2 0K*oT«ia*nT^*. *mmmi<D4 

y? i?x >y MBSS^-y Ktt, 4 Rtf SB 2 «iiM 

ssi 6**tr-ry*«M»*©«f«aft raws**) *- 

[oo8 3] j&mmmMytvxv vmm.^ v 
com*m'&it, m 2 mmmmmT** Lrc$><Dtmw& 
5o tta»u»4Kf-n j en-i'^x^^ 1 o^aiiUT^ 
§ 0 j ?-n ; rn©«fflM!S4fim2«ffl^ssi 6tc»i§L 

Tfe»), ^2«ai?itSSi 6te, i-y^WSSi 8 b, 7f 
flf 1 9, 8 aZfrLT^ytzy? 

2 0t'MmLT^% o 1 #<D&iIiffi88 4 fC 1 OiOl'y 
x^ 1 OSrBBtSU S52£;iIjJitS8 1 6 (C-a-to-^T 2 6 

* i o**rr 'A* naat^y F«?n 

[0 0 8 4] El 1 4 (i, *M1&BWim<D'(ytr f Jxv h 

4 0 0 |ira (Wt>M) , 1 2 0 fim, ft£te#j6 

mmClKStlTV^. £fc, H 2 ttiliftSg 1 6£>*§& 
2. 5 mm, K£ {4*52 5 0 ft m, ft£ ( 1 p * ) lift 

6 m m k Hjg £ nr ^ 5 . ^mmmmmco-f y Z *J x <y 

H2* / N'yHTtt, gf'^x^tf, 0 1 4tc^-fJC9 

4©¥£ft* (l p ) tt»3mm, If? 2 ttilffiSS 1 6© 
¥JSSS (l p * ) !ift3mmt4§„ 

CO 0 8 5] -IRK, «ffitfft2f#TfcSSB<0»E{ttg 
fix (g«Sin) «, ^S^ffl^TStB-rsct^TS* 

(ij^y^ttg [Pa • s] , S{ilSS»Tffi« 

[mz] , zt4WKWifi<07X^Ht) „ 

CISC43 

^■{033+1.02(z + -)} , x 
^ ^ z" (1 0) 

iot, «iflia£K4©«a«filfi«:l. 9X10"N S / 
^ 2 itJiffiSSOflitSgJgiali 2 . 9x 1 0»N s/m 



(i) = 3mPa • s) i;&3 0 #H$§fl5 
f£0IJ<D^ > * J> x >y h ES'N >y KTli, $ 2 VmWt: 
2#fiJU Wfh(C^y^«&Pl 7*fittT<^5 
3V, Cftti!g2±t3»Dft;* (i p ' ) */Jm£<U 

C0 0 8 6] -o^ski 8 aRavy^ensi 
m-$iz-ry-?w$&i 8 a#3mm, -ry^essi 8 b*« 

[m] , 1 filSSftS [m] ) o 
C&5] 

jnf« (11) 

±ScfcO, -Yy^tffSSl 8 a, 1 8 b©flli!S«SiH:*ft 
^'tX2. 3xl0 7 Ns/m5, 1. 5xl08Ns/m5 
t&3„ 74)1* 1 9{±, $ 1 0 /i rn<D|8«ffl?L£W-f 3 
il^7'>af$t), jfcKjg£x«:»33lfr 51. Ox 
i o 9 n s/mstx&bZtifco -fynnynzoit, 8S 

^^nrfeo, »se&fflc*fi** 2 . ox 1 osNs/ms-p* 

co 0 8 7] cct% >r>^«*e^©8Si*aK©±ifi«[ 

So hi 5t±, i^oAaaKK4(c«M«n^«R«>^ 

^x^^ 1 0©*«lHltt*^LT^*. 0 
1 5tC^Lfc|HlSS^r"^ffli/^cl|ffl(HlS§ft?#T, SD"^ 

^*1?*flift»W!i:a*fT5i:, «ffl)5itSS4 rttcff^lH 
Ttf?l£U cn*MISI^<0'i'v ! xi'^ 1 0©'J7-i';l/3i 

CO 0 8 8] /X;l/2*^'1'>^8S8*jffiaEi!tlHLfe« 

w&mzfLniiJytzytzQfrb/XfVziz.fa 

0, «fflSilSS4^/J-LT, ^yy^->-iy?10t¥ 

CO 0 8 9] CCTHHfc&SflMi, ^yy^y^20 

r, M^Q^fS^, A P= r • (/n- 
y> • #7X-ra<Di£iiJ) o -fv'x^^fciS^y^^ 

us Mytvmm) A^t^ii^, ^yti&t&mat 
±z%mm^y?f)mtiz>ti\ l©^ 
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CO 0 9 0] £CT\ WifiOU7^;HiffKOl^T*A 
•Si:, 'J7f;HftfFB#tcfc^Ti'y^fi, ^-x*X9 

0©fslB# • SlflgqfcWK: £oT£aiffitSg4 rtfcffrtfcTtf 

co o 9 i ] m 1 6ti, ^mmm<Di±tsmt (a p p ) 
fcy^-r/wtia (t r ) <Dm&*. ^nmmmm^y 

«5Sj!SK4rtOE*lBT* < 8 0 0 P a 
JWT-Pfcftfcf U 7 ^ yWvfUDlitS^-^T-fe^fDtc^ U 
8 0 0 P a W±fcft* t 'J 7 ■< MmW&&K.WNt* 
Cttft>fr%o LfcA P v t t r .CD|?80Bi> -fy^O 

IS^SS (gfflI^2 0~4 0mN/m 1 /X;MI 1 5 
~ 4 0 /i m) ^jlffitEgrt^EftBT^ 8 0 0 P a 

CO 0 9 2] #Si«K4rtT?<0ErtRT0*t**#«> 

Turing LTi^Wf J:v> 0 XMMB&WD'f y>? v-x -v 
hffitS^-y Ftefci^T, /X;I/»N4 2 6 0, ?i§ft©2 
0 p 1 cD-O^riS^ 1 5 k H z©ttm/l»?£T0M 

{±7. 8xl0-»raVst55, ^^^^2 0© 
^tSSSfitti, 3. 0xi0»Ns/mS, ^V*fiBl8 
a OgKBfiSiti, 2. 3X1 O^Ns/mS, Rtf7-r;l/ 
2 1 9<DiJSSSJftStti, 1.0X1 09N s/mSTfeSfr 
6, 2 O^^nEMTiti, 2 3. 

4 Pa, -O^BSSl 8 aT*^4-T5E^T»i> 

i. 8 p a, &tf7-r;i/* i 9-e?§£-f£E2jf!rFl 

7 8 P a i:&5 0 
CO 0 9 3] — -O^WSS 1 8 bti2*K»lKLT 
l^5fc46, ■fl/t'g&l 8 brt©i3ftfili3. 9xi0-» 
m3/si:*5o fy*«S8l 8 b OMHM&Stti l . 5 
xi08Ns/m5-p$4ftjj), -Yy^SSSl 8 bT'5§£ 
fSE^BTftiS. 9Pa££3 0 2#<Dfg2£M 
S& 1 6 T'fi, ^tVf 3 . 9X10 -"raV s , 
8ttKStfir^2. 9 x 1 0f>N s/m r >Tfc5fci6, E^J 
BTffltt 1 i3Pai:%5o ^8kleHtt&%2*&iBilK 
SSI 6tC 1 3*ffiK«*lT^*fe«), &«5IiJitSg 4 ?<D 
JytmmitO. 3xi0-»mVsi45. «»ss 
4 <Dffi3&&£i r (± 1 . 9xiO n Ns/m 5 T'fe5f; 
46, E*BT«ti5 7 0 P a t&S 0 fct, *Hflfi)g 



PWy^^i'y M2ii^-v K?\ ffitfc«2 0 p 1 <0 
•OfflSfcl 5 kH z<D0ttiiffii(fom.?£'fi?j.i/5'frC> 

£TflnHLT, 7 9 2 P a i:£S<, 
CO 0 9 4] ±Sa©«t3fC *&M0&WW<O'(V9i?x 

K5£LT^3fc«>, r${*«2 0 p 1 (DJyWm 1 5 k 

HzT^^x^^/j^a^tttu^^Tt, pmm&ft 

<D/c4^ ttjl^S§rt©E^|5*T{c$eH-r 5 U 7 w WIS 
C 0 0 9 5 ] El 1 7 tt, *%ti&Bfflim<D'(y?*Sx y b 

fflLfcc ^57tc^?n?.d;9tc, -<y*iB#ifStf 2 0 
p 1 ©Jf^Ktt (A) , 1 6 k H z $TJi££LfcRt 
[B^ItSilttfTffft. flS{«S*3 0 p 1 

HI*DU^:»-&*cfe (B) , mi OkHzST'tt^M 

CO 0 9 6] J*«*ffcfcLT, «Si?itSS4CDai$^8 0 

(A' ) T'jfxfo «jii3S£§4(D»itSSJS^ 
5. 9 x 1 O^N s/msi:^: 5/^46, ffitt«2 0 p 1 
<D^fy^m8^l 5 kHzT'^^i^? 1 0fr5J8K 
BttH^-ti-Sfc, «ffl«lS§4rtcDE^BT«^2 000 P 
alCtmtZo COJf^, tta^SSl*l<DE^BT^ 8 0 
0 P a WTi:t*i:i>?*tt*»fttc ifl'Tta^, 
^©/t46, «i!iJS(Cfc^Tt, ttWJa«»6 kHzW 

mk* tifc. ^ > * n 8 £Dt±t±i«fi^x h d #mm l tc 

*ttttl^{c*oT^fe 0 3 0 p l icm 

(B' ) , 4 k H z U±©1taH«»T 

c o o 9 7 ] w±oit«sa(ite J: t) , «ai?itss 4 

CO 0 9 8] ^SliSJBfiltflJOittUlTftt, «a^SS4(D¥ 
l^KS 1 p , Rtf»2«ai8i£K 1 6 0¥^S^ 1 p ' Srffl 
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[0 0 9 9] *$ZMBmWmi, m2«Jl^£S 1 6£± 
*M'>$Hi?.fcJ6T'fe5o "rftt>%, S 2 1 6 

*-ftm%t, mzsmm 1 6£>s$ i 
tmw&mhauc < \,\ mm, m \ mmmmm<D^ ? 

JBIBWfcRI© (2. 9xi 0"Ns/m s ) tcf^fcfelc 
Set 3 (*3&flfiJBI10iJ?tt, m 2 ttffiifcSS 

{cm 2 xmrna 1 e * t , 1 p ' 

■rscii^T'tsfcto, a?2«tfMs§i e cms*** 

[0 1 0 0] -O^x-y HEiFvy K£W* 

ST&5o t&fc>*>, 'vy K©±*WVh*^fc, EDB'JBf 
ccvy KOj£ffre«*)S< , r5£:i:*<-Ptafe«>, 'vy 

'Pt 5 C £ T' £ § t V> d ®¥k fc t#3 C t T £ 5„ 
[0 10 1] Sfc, #£jSJBIBflI©«fc3fc:, ag2#il«£ 

ss*^ V s x * ? n o«»cEH-r 5 c i: a , -r y $ -y 

tzU-ymiC&oTUW • JR&SttSaV 'vy KO£* 

Ofci6, 'vy Ffi$ L„ti«ffi»tffliA*Ci:^aSl» 
jftES 4 ©£8K*±j£fi# ft W t T IS BPFfrfcEB t , 

[0102] mAMtmmm 

Hi 8(i, *%^<o«4Htt«it0i|R:«(t«illKGII« 
«iliftS§ 4 Rtfffl 2 ttilifcSS 1 6 0EKKE^T, 

±3ti£^riRifcWLTBjfSitfcsiHsn, ig2«arsfts§ 

5nTV^^fc1#a^*«o C 5 Lfcttiii3itS§4colBiI 
^2«li«tS§i 6*M^x?*$<D$fcEE2n 



[0103] *mmBmm<D*y*Vxv mbs'w f 

tt. 01 8fc^f £?fc, ftaflttS 4 *±j£g£lfi]Kjt* 
LTtttfgttfcfc*J:3fcEBU cn£<D;S±)Ii?itSg4 
*±j63to?ifiilKUStf¥tTi:4*J;5KElltfcll2«a 
JffiB&l 6fc««LT^-5o 4 Ji'vy K«f**« 

fflHcEBSttfcfc2#a»[i&l 6tc, T¥»<75«jiflitliS 

4 i*T»KK«* nfcm 2 «aiKssi Gi^tn^nmm 

[0 10 4] «ffl«tBS4*«»t»SiJUfc«jfitt, 

^* o > ^^fc46{ca«jffi^ss 4 <Dffimmtb'\^ < as 

ft5^65. L^L, »fiSg4£D£fitffi^if 
^> «a»lB4©»ia«*^t^:*<»£Uft^i:at 
S§S$x^/h^<IS^-r5ci:^T-t4i/\ Ell 8lC7T,t 

(i p ) *«<-r*cfc*<-e*, t&muoMmw 

[0105] #«a«tB4jci4*n j E f n-i'^x^^ 1 o 
s nx fc o . -f y* x ^ ^ « 2 ^tcejij s nr ^ 

[0106] ja±o<fc3ic, im%mm<r>^y7Vj. 

■y MBS'Ny FT'tt, »2«a«fHWfW^x**»0± 
TltEELTi/^fcto, 3g 1 ~3S3HflfeJlSSi0J©'i'y* 
i>'x-y hfiai^-y KtCjrb^T, i^STjlpJCD^'y K*B% 

^P c «r6 0 0 /im(Cig^Lfcfc46, ±3tSE^lRj©^y 
Ktlti-ft Bmrakftoft, ^ 1 3 HaSJBlBWPO'N 
>yF*@f±8~l 0mmT*fe5/c46, *HMHBJIRM"P«'S 
•y Kti* 2 ~ 4 mml'K't/:. 

[0107] nu^y^v^v HmmwTit. mm 

<D-(y?i?xy MBS'vy F^M^TES^n^/i46> 

T-*5„ -fin-, v-tfy^f, -y/X X^-y 

* £D 4 fefcttJSfc 4 Awn 7 F^M^fc^^, £ 1 ~^ 
3 HflgE®^J<t Ofe'N"; K©^«%tt 8 ~ 1 6 rara»'J> 

y^i/x v bieU'vy Fti-^-y K^(B*/Jn* < c fc 
9lBiJafi<OlRl±RtJ : S«-9--r XOfiKtc 

[oio8] an^esMSifii 

01 9ti, *»WO>r>i'^x'y hE»«BoiaS»IB 
fflJ^LTV^o ^M^JOYy^yx-y hiaSjS 
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.3 1, * + 'J'r>*3 l*±jiaE^rifi]tCj£aE-r*fcl60± 

n&twm 3 3 , tsmsmt Lxmrnaw. 3 4 *m&& 

[0 10 9] MBS'W F(4/X;l«f2 

£tffl*g3 4 tttfa?Z>&7^*\V";i/3 l±(c*§fc£ 

n, ±j6a*ifttjias«n3a:^6iE«ffltt3 4fc:»LT 

■O^SS8*nttH-r««:i:K«k»), HUH* 3 

8te#LTE»*fif9. #^?\ H2^ffl$fi3 4%iJ^S 

»nm*)ig-ri:kfc:j:»), IBStfflttt 3 4 ©^aSKfefco 

[oiio] mmc *nffiimm<D'(v9Vx>y me 

£ 3 ^ffiJBISMWTaKfc'N -y KUBfifl!) fe <£>*ffiffl b It. 

X ■7*7-y^©4fetC^)S$-^T, lfe£fc9 2 6 0ffl 
•y 5> 3 1 ±lc M^TSSfi U !2S*fflffi 3 4 ±T 4 fetO K 

[0 1 1 1 ] tS<*«2 OpU IBSMMfe&6 0 0 d p 
i, nttBM«E»l 8 kHz<D^ftT-A4^X (2 10 
mmx 2 9 7 mm) OHtftfcfllfiWLfceiS, *>I5#MT 

tfc. 

[0 112] Jt«tflJtLTs ifitt«OttjffiifiK4*W i r 

K«:yX;Hiy*'P c *8 5 0 ft m(z:i&£f 
0, KffifflrttBB?iJT*tS/X;l/^ 
(4 1 5 0 mtf±.mt%?fc ( 1 mmmtzK><D/X)\/W. 
(42. Offl) o ^Ofc 46, A 4-9" -YX (2 1 0 mmx 2 

9 7mm) <Dmmmmt%<Di,c®9ii>coftM*&u 
^xmi/zxhitc. 

[oi 13] mmmmtLx. wMW.<D#mms&4i£ 
*rr 5 ce*^ -y f mmx, ^mmmmm t n u < s x& 

#«£!i0!li:|nlC2 6 0{@/fe©/X;l/»*WS 
T'tfctf, Pffifflt&4<0ffiltl 5 0 fim£/h£V\fc4&, 
«ffl!^SS4 0gS^»c p (4^ (5) (7) 
tt*»ifcLT^fcl/\, $f*«2 0 p 1 , f 2§S8?{fiS 6 0 



0dpi, ttmHSftl 8 kHzOMtA4^X 
(2 1 0mmX2 9 7mm) <Dffi<i£EPgiJL/ciiail, #J 

5»iH-e0]»J*^7"r * c ttfix>%rct>\ jytm&n 

aktti;X)lffZ®.%± IX US ofcfc«>, tfirtBfcDfi 
H(4g46TI>fro/Co O£0, ia-N7 FIIT'IIIC 

yX/i/2©K?M£itin£-es£, $SLfc-r>^?g 

[0 1 14] M±0J:3lc, lIBPlB^Jy'i 
■y MBS%BT(i, ttjl^tSS^ < tmj£K4: LTV>*fc 
46, LfcttasS3Ett*«*LfcS * 7 X;HE?Ut&« 

(#ffiE»3fc 0 ©v X;Hfc) *«Mwr 5 c fctf-etr , 
fle*©-r y * s?x -y hlBAttBk:Jt^TGiUlUt«*M 

[oi 15]**, **W»flM>J?li'\y K**t'Jy 
^KJ:-3TftaSL43V6IB«*fT ?fl5!Si: UfcftV /X 
;l/*ES8«f*©^«(Ktefc o Tffig trey J vgpvy F 

e.!2ii^f79 * if, J5iJ©SBJ&!»fc*«W*»B*3 c 

[0 l l 6] W±, *^©^^^J(co^T^b 

[0 1 17] M*tf, ±93^fl(6^fi8PT'(4, 

^^x-^<Dfti!(c, ¥mm$-<y<Dmmmi±mTt3-3. 

[0 1 1 8] *fc, ±fB^Sfi^^JT14, mL<D7\s- 

v<Dmm\z&?xffi3&*i&j$.Lx\<^t>\ xu-hoii 

«K*if(4±fB^M^J(C|5g^$ni.^(7T(4* 
\i\ P^-tf, ±I2^M»JT-(4yX;l/XU-hX(4« 

x 7 X V / <%HfiK-r § Hffl © x u- f a-t s * if , 

5di:(4nr^T'fe5c S^, ^^5-y^X, fl» 
fit. -yjn^^TO^I^T, «£-ft«L/c 
Jcd^'N-y FtC^LTt, *?g0) : J(4IB]«l5(C)iff|oJfigT-fe 

[0 1 1 9] Sfc, ttil8St8S©Jg«(4, 0 5cDct9(c« 

3fflgitssoffiiiiijii(c<t;n (im) tt^tzmmmfez 
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4C < tfftfcRtf fcJBttfcH, fteff^ffl^tfcPllI© 

[0 l 2 03 £MSgMi, 0 l 4fcftfc>o 
T, 02 1 (a) , (b) , (c) iCTKtmi&ttZC 
02 1 (a) ti$ 2 «)li3itSS^±T(C 
»«Wlc, «2ttaai»<Diiii*SHk:^y^fl«&p%Rtt 
fc09Tft*. CO»^»Cfe, !S2;J±il!3itS&©g£ l p (4 
01 4£|B]-fcft3o 02 1 (a) ©ffitSSffil/jiiT- 

tt, »2*6Bi«BHC2*ifli*»6-i'>^3WWtt*n*fc 

3§£LT&, «:HPFaoHft*l»jhT»**iH/^3aMl^ 

[0121] 02 1 (b) », 3§2#iffi»tS&©* 

SJ5 2±±iffi??S£S^S^ 1 p * «01 4£[0]-i:ft3 o $ 
fc, *$5£T'«. -<y*0ttSptf-tSffifca*fcii>, -T 

KWfUi:**. Sft, B2 1 (c) &g5 2«3I)ftS§©P3 

fl(cM)ieKIS«»ISL^0lTS«. c©*^, «a^ss 

[0 12 2] »iii5S£§Wi, 01 8lCftfr? 

T, 02 2 (a), (b) , (c) fcijVr#Wtfc*-S<: 
tfenl^-efeSo 02 2 (a) tt#3I«Eg&4 *±TK# 

ij-e-fc, «a^ss4o«^2tta^ssi 6(c»«e 

[0 12 3] 02 2 (b) fct, ±TKE«bfc» 

2a3I8ttlSl 6©5fc4£2l@©f y^0$SP 1 7*Rtt 

*j**T**fc*{>, JR 2 «iIjffiSS©ffig"l®*fgM"?t, 

ti5o 'vy K£*©»'N*, M»LfcJ:dte, SSLft 

[0 12 4] f fc, 02 2 (c) (i«JiSSSS4S.0 : ±T 

Lfc^jTfeSo C©»£* 02 2 (b) &im«R« H2« 

»rtK*»t*-ry*oii*i!t («Dii^gi5») ©?§£ 
u i m*mAtz>±.~?m\t%.%>, ft*?, 022^1, 



[0 1 2 53 Sft, ±IESiaSJB(BW-ett, E*l^£§© 

Etixsmzm^s mic, ±tmm 

lift < , *<&«!© 2 &^«E9J£ffi*ffl^;fcS£Kte^ 
[0 1 2 63 ±E0£ffi«MM?»IBMU:lCft 

e-r y^iia LTi&^m\mzmm*Vyo-( y>? 
iess*s±^©* : ? : ^Hfi©is^^ pg^ « n § % ©t « ft 

fftta-6, ffi^ftti^cpg^^nstD^Ttift 

y{'*B|:(liLTf-f7yH'lCA7-7^;l/J-^ 
S! LfrO , JSM«ffi©My ^SttLhKttlH LTgf5 n n n§£ 
Sffl©^>y^ffMU/c01-5fti:\ liSWfcffl^&n 
*JBE«WW«BHRfc:»LT, *«W**lffl"r*ckt 

[0 12 7] 

/X;i/E?ijm)S©ffiv^v h y ^xEjyvy FfcHSlf 5 
<:i:#T-£, IBllSMi&TigiWy^x-y FIBS 

[0 12 8] #58UHfc:j:nfcr, «a«EK*^Lfc 

y * 5; x -y h iB^sn^^s-r set # pjf}g i; ft § o 

[0 1 2 9] HK:, *aWKJ:ntf, «3ffi»£KC9"Poa 

'vy F&l>V s/*x -y MBS«B%^m-r* C t ^nj 
ft6i:ftl> 0 

[0E©ffi#ftl^B^] 

[0 1 ] m 1 «jt»ttWfl!)-r>^s;xy neis^-y f© 

{Hfffi0T*fe§o 

[0 2] *«WfCflfit>5» 1 SI«»tt«lO-f >*S^xv 
FflSS'N-y Foru- F«fiK*^f *HSBn?feS. 

[0 3 ] v h U * XE^iJ'N ^W'^iW BBJU^IfJH^ 

[04] ^y*«iia*;ii-pfflv^wwiE««**-r 

[05]^ y^Jx. >y MBIi'N-y F©¥ffi««%^f^ 
i£0T-&5 o 

[0 6 ] g-»^px F-*©AWfcffl^fcWflHtaia 
sg^-riHiss0Tfe4 o 

[07] «)fli^if§©^«ft^ : g«^D7.h-^©^ 
4* t ©B8«**-r y77T'J&5. 
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■[08] V 7 4 /I/H3HQMfflC^fc«fflttftiatt*^ 

[09] nmnm<D^mmmtuy^mmt<Dmm^ 
[mi o] *%yncmt>zm2£m&im<0'fy9yx 
[011] %2%mmm^y'p'j^ htm^-y h 

[012] S2»»my^-;i7 MSS'vy F 

[0 1 3] *5»flCflkt>*JB3SlilUglBWO-ry*^x 
•y HBS'vy H©#jIjJit8&gBS£5Vf 0T*fc§ e 
[014] ^3SSg«<®^Jtc*5tt§^y^«^^M 

[01 5] ^yX;«MtBBiHcfcnt5^t£SrtE^^ft 

[016] ww&tomhw? 4 mmmiWR* 

[017] WiZ%MBm\<D'(y* i Jj.v hlEiK'y H 

[01 8] *mnic&ioz>m4nmmm(D-<ytzsx 

[0 1 9] *fZWimt>Z'(>*iSxv MESSB©- 

[H 2 o ] an nsngjfiflnjo^ y * $; x -y Ms^-y h 
[02 1] %3mm&tmtciaif*4>9imxnm& 
[0 2 2 ] m 4 mmmmm<D4 y^i^h isa^ -y k 

[023] fl£*©-r -y hCS'vy KO&WINfi 
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